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TRANSFECHON OF LUNG VIA AEROSOLIZED 
TRANS GENE DELIVERY 

INTRODUCTION 

5 v ' . . ■ , . . .. ' '. . - ■ , '■ 

Technical Field 

The present invention relates to methods arid compositions for 
producing a transgenic mammal which comprises an exogenously supplied gene in 
lung tissue. The gene is supplied by aerosolized delivery, particularly to the 
10 airways and alveoli of the lung. 

Background . 

With the advent of molecular cloning techniques, an expanding 
array of genes with mutations responsible for important human diseases have been 

15 identified and isolated; To date, attempts to replace absent or mutated genes in 

human patients have relied on ex vivo techniques. Ex vivo techniques include, but 
are not limited to, transformation of cells in vitro with either naked DNA or DNA 
encapsulated in liposomes, followed by introduction into a host organ ("ex vivo" 
gene therapy). The criteria for a suitable organ include that the target organ for 

20 implantation is the site of the relevant disease, the disease is easily accessible, that 

it can be manipulated in vitro, that it is susceptible to genetic inodification 
methods and ideally, it should contain either non-replicating cells or cycling stem 
cells to perpetuate a genetic correction. It also should be possible to reimplant the 
genetically modified cells into the organism in a functional and stable form. A 

25 further requirement for ex vivo gene therapy, if for example a retroviral vector is 

used, is that the cells be pre-nutotic; post-mitotic cells are refractory to infection 
with retroviral vectors. Exemplary of a target organ which meets the criteria for 
in vitro gene transfer is the mammalian bone marrow. 

There are several drawbacks to ex vivo therapy. For example, if 

30 only differentiated, replicating cells are infected, the newly introduced gene 

function will be lost as those cells mature and die. Ex vivo approaches also can be 
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used to transfect only a limited number of cells and cannot be used to. trarisfect 
cells which are not first removed from the body. 

Retroviruses, adenoviruses and liposomes have been used in animal 
model studies in attempts to increase the efficiency of gene transfer; DNA has 
5 been introduced into animals by intratracheal (IT), intravenous, intraperitoneal, 

intramuscular, and intraarterial injection. Expression of introduced genes, either 
completed to cationic vectors or packaged in adenoviral vectors has been 
demonstrated in the lungs of rodents after IT instillation. However, IT injection is 
invasive and produces a non-uniform distribution of the instilled material; it also is 
10 too invasive to be performed repeatedly in humans. It therefore would be of 

interest to develop a non-invasive delivery technique which also results in deeper 
penetration of material into the lung than other methods, and can be used to 
deposit material evenly throughout the airways and alveoli. Such a delivery 
technique could be used as a means of treatment for genetic disorders, particularly 
15 of the lung, via generalized transgene expression in lung cells in vivo. 

Relevant Literature , 

Hazinski, et al. , Am. J. Respir. Cell Mol. Biol. (1991) 4:206-209, 
" relates to hposome-mediated gene transfer of DNA into the intact rodent lung. 

20. Three fusion gene constructs were complexed to cationic liposomes including (1) 
the chloramphenicol acetylttahsferase ("CAT") gene linked to a Rous sarcoma 
virus ("RSV") promoter; (2) the CAT gene linked to a mouse mammary tumor 
virus ("MMTV") prompter; and (3) a (^megaloviim-^-galactosidase (" CMV-0- 
gal") fusion gene. The liposome/DNA complexes were instilled into me cervical 

25 trachea of rats and detectable levels of gene expression observed. 

Brigham et al , Am. J. Med. Sci. (1989) 291:278-281, describes the 
zn vfvo transection of murine lungs with the CAT gene using a liposome vehicle. 
Transfectipn was accomplished by intravenous, mtratracheal or intraperitoneal 
injection. Both intravenous and mtratracheal aa^nmistration resulted in the 

30 expression of the CAT gene in the lungs'. However, intraperitoneal administration 

did not See, also Werthers, Clinical Research (1991) 39: (Abstract). 
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Canonico et a/., Gin. Res. (1991) ^:219A describes the expression 
of the human a-1 antitrypsin gene, driven by the CMV promoter, in cultured 
bovine lung epithelial cells. The gene was added to cells in culture using cationic 
liposomes. The experimenters also detected the presence of a-1 antitrypsin in 
5 histological sections of the lung of New Zealand white rabbits following the 

intravenous delivery of gene constructs complexed to liposomes. Yoshimura et ah 
disclose expression of the human cystic fibrosis transmembrane conducts 
regulator gene in mouse lung after intratracheal liposome-DNA gene transfer. 
Wolff et al r Science (1990) 247: 1465-1468 relates to direct transfer of the CAT, 

10 jS-gal and luciferase genes into mouse skeletal muscle in vivo. Gene expression 

was observed in all three cases. Nabel et al. , Science (1990) 242:1285-1288, 
pertains to in vivo intra-arterial transfection of pigs with liposomes containing a 0- 
gal expression plasmid. Site-specific gene expression was observed in the arterial 
wall. None of the above cited art, however, practices or teaches the use of 

15 aerosol administration to deliver genes directly to the lung. An example of a 

review article of human gene therapy proce^ Anderson, Sconce (1992) 

256:808-813. 

PCT/US90/01515, having International Publication No. WO 
90/11092, describes a method for introducing naked DNA into muscle tissue. 
20 Debs et ah disclose pentamidine uptake in the lung by aerosolization and delivery 

in liposomes. Am Rev Respir Dis (1987) 135: 731-737. 
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STTMMARY . .'. ' ,; : 

Methods and compositions are provided for producing a mammal 
which comprises an exogehously supplied nucleic acid in its lung cells. The 
method includes the steps of preparing a lipid carrier-nucleic acid mixture suitable 
5 for nebulization, nebulizing the mixture, and depositing the resulting nebulized 

mixture in the lung of a mammalian host of interest in an amount sufficient to 
transform cells contacted by the deposited nebulized mixture. The exogenously 
supplied nucleic acid generally is provided in an expression cassette and includes a 
coding sequence operably joined to transcriptional and translational regulatory 
10 sequences functional in the mammal. The methods and compositions find use 

particularly for in vivo gene therapy of pulmonary disorders. 

TVRTRF DRSnRTPTTON OF THE FIGURES 
Figure 1 demonstrates that aerosol administration of pRSV-CAT- 

15 DOTMA: cholesterol complexes suited m expression of the CAT gene in mouse 

lungs. Lanes 1-3 were derived from inice receiving no treatment; lanes 4-6 
represent mice adininistered 0.5 mg pRSV-CAT with 1.0 jtmole DOTMA- 
cholesterol liposomes; lanes 7-9 were derived from mice receiving 2.0 mg pRSV- 
CAT alone; and lanes 10-12 represent mice given 2.0 mg pRSV-CAT with 4.0 

20 fjaaol DOTMA-cholesterol liposomes in a 2 to 1 molar ratio. The CAT gene is 

not normally present in mammalian cells; lanes 10-12 show spots indicative of 
CAT activity (the positive spots in lanes 10-11 are faint and do not reproduce well 
in the figure). The results thus indicate mat the lung was successfully transfected 
by thepRSV-CAT DOTMA-cholesterol:Upbspme aerosoL The results also, show 

25 that neither aerosol adniinistration of the pRSV-CAT alone, nor a lowers 

dose of pRSV-CAT: DOTMA-cholesterol complexes produce detectable expression 
of the CAT gene in mouse lungs. Thus, both the cationic liposome carrier, and a 
sufficient dose of DOTMA:Uposome-RSV-CAT DNA complexes are required to 
produce transgene expression in the lung after aerosol adniinistration. Maximum 

30 transgene expression is achieved by complexihg the liposomes and DNA together 
at an appropriate ratio and in an appropriate diluent 
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Figure 2 shows the results of an experiment where mice were 
administered 12 mg of pCIS-CAT complexed to 24 jimoles of DOTMA/DOPE 1:1 
liposomes. Lanes 1-3 show the results from animals administered the aerosol in 
an Intox-designed nose-only aerosol exposure chamber; lanes 4-7 are derived from 
5 mice exposed to the aerosol in a modified mouse cage; and lanes 8-10 show the 

results from animals placed in a smaller modified cage after being put in 
restrainers originally constructed for use in the Intox chamber. 
Figure 3 shows construction of pZN13. 
Figure 4 shows construction of pZN29. 
10 Figure 5 shows construction of pZN32. 

■^/■■•; : \;;.:::I^uie 6 shows the results of immunostaining for intracellular CAT 
protein in lung sections from mice sacrificed 72 hours after receiving an aerosol 
containing 12 mg of pCIS^AT plasmid complexed to 

DOTMA:DOPE liposomes (A,B,C,D), or from untreated mice (E,F). The section 

15 shown in d was treated with normal rabbit serum in place of anti-CAT antibody. 

Magnification: A,D (x 50); B,C,E (x 250). 

Figure 7 shows CAT activity in lung extracts from mice sacrificed 
72 hours after receiving an aerosol containing either 12 mg of CMV-CAT plasmid 
alone or 12 mg of CMV-CAT plasmid complex to 24 jimols of DOTMA:DOPE 

20 (1:1) liposomes. Untreated mice were also assayed. 

Figure 8 shows (A) CAT activity in lung extracts from mice 
sacrificed from one to twentynone days after receiving an aerosol containing 12 mg 
of pCIS-CAT plasmid complexed to 24 /xmbls of DOTMA:DOPE liposomes; and 
(B) shows CAT activity in several different tissue extracts from mice and indicates 

25 that expression of the transgene is lung-specific after aerosolization of DNA- 

liposome complexes into normal mice sacrificed at the three day time point in Fig. 
8A. Control extract contains purified CAT enzyme. 

Figure 9 shows Southern blot hybridization of genomic DNA from 
the lungs of mice sacrificed immediately after receiving an aerosol containing 12 

30 mg of pCIS-CAT plasmid complexed to 24 pimols of DOTMA:DOPE liposomes 

(lanes 1-4, 6-9) and from an untreated control mouse (lane 5). Samples were 
digested with the restriction enzyme flmdni and probed with a 1.6 kb CAT 



PCT/US92/il008 

WO 93/12756 ' 

6 . ' 

fragment (upper panel). The same membrane was hybridized with a 1. 1 Id) BSU 
36-1 single copy probe from a mouse factor VELA genomic clone (lower panel). 

Figure 10 shows photomicrographs of frozen sections from lungs of 
control mice (Figures 10B and 10D) and mice treated with pZN32 complexed to 
5 DDAB.-cholesterol (1:1) iiposomes (Figures 10A, IOC, and 10E). 

Figure 11 shows a foil restriction map for HCMV (Towne) of the 
immediate early enhancer and promoter region of HCMV (Towne) in Figure 11A 
and HCMV(AD169) in Figure 11C. Figure 11B shows a sequence comparison of 
the 2 HCMV promoters. The position of the Ncol site is indicated by an asterisk. 

npgrPTPTTON OF THF SPHCTFTC EMBODIMENTS 
In accordance with the subject invention, nucleic acid constructs 
together with methods of preparation and use are provided which allow for in vivo 
modulation of phenptype and/or genotype of cells in the respiratory tract of a 

15 mammalian host following delivery of a sufficient dose of a lipid carrier-nucleic 

acid aerosol to the host mammal to provide for transection of host lung cells. 
The lipid carrier-nucleic acid aerosol is obtained by nebulization of a lipid carrier- 
nucleic acid sample rnixrare prepared in a biologically compatible fluid that 
minmiizes aggregation of the lipid carrier-nucleic acid complexes. The methods 

20 and compositions can be used to produce a mammal comprising an exogenously 

supplied gene in lung tissue, particularly alveolar and airway passage cells. 

i Central to the present invention is the discovery that genes can be 
dekvered to foe lung via aerosol adi^ expressed in 

vivo. The instant invention takes advantage of the use of lipid carriers as a 

25 delivery mechanism. lipid carriers are able to stably bind through charge 

interactions or entrap and retain nucleic acid and permit a system amenable to 
nebulization, whereby intact genes can be delivered to specffic pulmpnary tissues. 
Lipid carriers include but are not lirnited to liposome and miceUes, as well as 
biodegradable cationic compounds comprising modified phosphoglycerides 

30 jocularly alkylphosphoglycerides. Particular sites in the lung are targeted by 
varying the size of the aerosol particles administered, as discussed more fully 
below. Targeting agents, such as antibodies directed against surface antigens 
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expressed on specific pulmonary cell types, can also be covalentty conjugated to 
the lipid carrier surface so that nucleic acid can be delivered to specific cell types, 
lipid carriers also allow for the delivery of relatively large amounts of nucleic 
acid, without a toxic effect, such that therapeutically effective amounts of the 

5 desired protein can be expressed in vivo. For a review of the use of liposomes as 

carriers for delivery of nucleic acids, s§§, Hug and Sleight, Bibddm. Biophys. 
Acta. (199lV 1097 :1-17: Straubinger et al., in Methods ofEnzymology (1983), 
Vol. 101, pp. 512-527. 

Lipid carriers, particularly liposomes, have been used effectively, 

10 particularly to introduce drugs, radiotherapeutic agents, enzymes, viruses, 

transcription factors and other cellular effectors into a variety of Cultured cell lines 
and animals. In addition, successful clinical trials examining the effectiveness of 
liposome-mediated delivery of small drug molecules and peptides which act 
extracellularly have been reported. However, while the basic methodology for 

15 using liposome-mediated vectors is well developed and has been shown to be safe, 

the technique previously has not been developed for aerosolized delivery of nucleic 
acid to pulmonary tissue for in vivo gene therapy. By in vivo gene therapy is 
meant transcription and/or translation of exogenously supplied nucleic acid 
sequences to prevent, palliate and/or cure animal or human disease. 

20 In addition to the discovery that transformation of lung cells can be 

obtained using aerosolized lipid carrier-nucleic acid complexes, several factors 
have been identified that can affect the relative ability of particular lipid carrier- 
nucleic acid complexes to provide transformation of lung cells following 
aerosolized delivery of a solution containing the lipid carrier-nucleic acid 

25 constructs and to achieve a high level of expression where that is the desired 

endpoint. These factors include (1) preparation of a solution that prior to or 
during nebulization will not form macroaggregates and wherein the nucleic acid is 
not sheared into fragments and (2) preparation both of lipid carriers and of 
expression constructs that provide for predictable transformation of host lung cells 

30 following aerosolization of the lipid carrier-nucleic acid complex and 

administration to the host animal. Other factors include the lipid carriennucleic 
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acid ratio in the solution for nebulization and the diluent used to prepare the 
solution. These factors are discussed in detail below. 

Aerosol delivery of nucleic acid-lipid carrier complexes provides a 
number of advantages over other modes of administration. For example, aerosol 
5 adniinistratioh can serve to reduce host toxicity. Such an effect has been observed 

with the delivery of substances such as pentamidine and cytokines, which can be 
highly toxic when delivered systematically, but are well tolerated when 
aerosolized. Additionally, the results in rodents with aerosolized pentamidine 
accurately predicted results in human patients with AIDS treated with aerosolized 

10 pentamidine. See, for example, Ddbs et d., Antimicrob. Agents Chemother. 

(1987) 21:37-41; Debs et aL , Amer. Sev. Respir. Dis. (1987) 125:731-737; Debs 
et al. , J. Immunol (1988) 14Q:3482-3488; Montgomery et al. , Lancet (1987) 
11:480483; Montgomery et aL, Chest (1989) 95:747-751; Leoung et al., N. Eng. 
J. Med. (1990) 323:769-775. Additionally, rapid clearance of circulating 

15 liposomes by the liver and spleen reticuloendothelial system is avoided, thereby 

allowing the sustained presence of the administered substance at the site of 
interest, the lung. Serum induced inactiyation of the therapeutic agent is also 
reduced. This method of transfecting lung cells also avoids exposure of the host 
mammal's gonads, thus avoiding transection of germ line cells. 

20 Other advantages of the subject invention include ease of 

administtation i.e., the host mammal simply inhales the aerosolized lipid carrier- 
nucleic acid solution into the intended tissue, the lung. Further, by varying the 
size of the nebulized particles some control may also be exercised over where in 
me Imig me aerosol is deUverrf Delivery may be extended over a long 

25 period. Thus, there is a significant increase in the time period that target cells are 

exposed to me expression constra^ 

throughout areas of the lung accessible to the spray. These advantages are 
significant, particularly when compared to other routes of adniinistration such as 
intratracheal delivery which is invasive, the expression constructs are delivered in 
30 a bolus which may disrupt the mucous barrier and additionally may result in 

pooling of the introduced fluid in areas of the lung at lower elevation. Further, 
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damage from insertion of the intratracheal tube may alter the ability of cells 
coming into contact with the expression constructs to be transfected. 

The type of vector used in the subject application may also be an 
advantage. For example, most gene therapy strategies have relied on transgene 
5 insertion into retroviral or DNA virus vectors. Potential disadvantages of 

retrovirus vectors, as compared to the use of lipid carriers, include the limited 
ability of retroviruses to mediate in vivo (as opposed to ex vtvo) transgene 
expression; the inability of retrovirus vectors to transfect non-dividing cells; 
possible recombination events in replication-defective retrovirus vectors, resulting 

10 in infectious retroviruses; possible activation of oncogenes or inhibition of tumor 
suppressor genes due to the random insertion of the transgene into host cell 
genomic DNA; size limitations (less than 15 kb of DNA can be packaged in a 
retrovirus vector, whereas lipid carriers can be used to deliver sequences of DNA 
of S: 250 kb to mammalian cells) and potential immunogenicity of the viral 

15 vectors leading to a host immune response against the vector. In addition, all e* 

vivo approaches require that the cells removed from the body be maintained in 
culture for a period of time. While in culture, cells may undergo deleterious or 
potentially dangerous phenotypic and/or genotypic changes. Adenovirus and other 
DNA viral vectors share several of the above potential limitations. Particularly 

20 for human use, but also for repeated veterinary use, biodegradable lipid carriers 

may be used which are metabolized by the host mammal to naturally occurring 
compounds that are non-toxic to the host and/or are readily excreted. 

The nucleic acid constructs generally will be provided as expression 
cassettes which will include as operably linked components in the direction of 

25 transcription, a transcriptional initiation region, a nucleic acid sequence of interest 
and a transcriptional termination region wherein the transcriptional regulatory 
regions are functional in the mammalian host lung cell. An intron optionally may 
be included in the construct, preferably 2s 100 bp and placed 5' to the coding 
sequence. Generally it is preferred that the construct not become integrated into 

30 - the host cell genome and it is introduced into the host as part of a non-integrating 
expression cassette. A coding sequence is "operably linked to" or "under the 
control of transcriptional and/ r translational regulatory regions in a cell when 



WO 93/12756 ' PCT/US92/11008 

10 ' 
DNA polymerase will bind the promoter sequrace and transcrme decoding 
sequence into mRNA; either a sense strand or an antisense strand. Thus, the 
nucleic acid sequence includes DNA sequences which encode polypeptides which 
are directly or indirectly responsible for a therapeutic effect, as well as genes 
5 coding for active nucleotide sequences such as antisense sequences and ribozymes. 

The constructs for use in the invention include several forms, depending 
upon the intended use of the construct. Thus, the constructs include vectors, 
trancriptional cassettes, egression cassettes and plasmids. The transcriptional and 
translational initiation region (also sometimes referred to as a "promoter,"), 
10 preferably comprises a transcriptional initiation regulatory region and a 

translational initiation regulatory region of untranslated 5' sequences, "ribosome 
binding sites," responsible for bmding mRNA to ribosomes and translational 
initiation. It is preferred that all of the transcriptional and translational functional 
elements of tne initiation control region are derived from or obtainable from the 
15 same gene. Jh some embodiments, the promoter will be modified by the addition 

of sequences, such as enhancers, or deletions of nonessential and/or undesired 
sequences. By "obtainable" is intended a promoter having a DNA sequence 
sufficiently similar to that of a native promoter to provide for the desired 
specificity of transcription of a DNA sequence of interest, It includes natural and 
20 synthetic sequences as well as sequences which may be a combination of synthetic 

and natural sequences. 

For the transcriptional initiation region, or promoter element, any region 
• may be used with the proviso that it provides the desired level of transcription of 
the DNA sequence of interest. The transcriptional initiation region may be native 
25 to or homologous to the host cell, and/or to the DNA sequence to be transcribed, 

or foreign or heterologous to the host cell and/or the DNA sequence to be 
transcribed. By foreign to the host cell is intended that the transcriptional 
initiation region is not found in the host into which the construct comprising the 
transcriptional initiation region is to be inserted. By foreign to the DNA sequence 
30 is intended a transcriptional initiation region that is not normally associated with 

the DNA sequence of interest. Efficient promoter elements for transcription 
initiation include the SV40 (simian virus 40) early promoter, the RSV (Rous 
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sarcoma virus) promoter, the Adenovirus major late promoter, and the human 
CMV (cytomegalovirus) immediate early 1 promoter. r 

Inducible promoters also find use with the subject invention where it is 
desired to control the timing of transcription. Examples of promoters include 
5 those obtained from a /^interferon gene, a heat shock gene, a metallothionein gene 

or those obtained from steroid hormone-responsive genes, including insect genes 
such as that encoding the ecdysone receptor. Such inducible promoters can be 
used to regulate transcription of the transgene by the use of external stimuli such 
as interferon or glucocorticoids. Since the arrangement of eukaryotic promoter 

10 elements is highly flexible, combinations of constitutive and inducible elements 

also can be used. Tandem arrays of two or more inducible promoter elements 
may increase j3ie level of induction above baseline levels of transcription which 
: can be achieved when compared to the level of induction above baseline which can 
be achieved with a single inducible element. 

15 Generally, the regulatory sequence comprises DNA up to about 1.5 Kb 5' 

of the transcriptional start of a gene, but can be significantly smaller. This 
regulatory sequence may be modified at the position corresponding to the first 
codon of the desired protein by site-directed mutagenesis (Kunkel TA, 1985, Proc. 
Natl Acad. Set (USA), 82 :488-492) or by introduction of a convenient linker 

20 oligonucleotide by ligation, if a suitable restriction site is found near the 

N4enninal codon. In the ideal embodiment, a coding sequence with a compatible 
restriction site may be ligated at the position corresponding to codon #1 of the 
gene/ This substitution may be inserted in such a way that it completely replaces 
the native coding sequence and thus the substituted sequence is flanked at its 3' 

25 end by the gene terminator and polyadenylation signal. 

Transcriptional enhancer elements optionally may be included in the 
egression cassette. By transcriptional enhancer elements is intended DNA 
sequences which are primary regulators of transcriptional activity and which can 
act to increase transcription from a promoter element, and generally do not have to 

30 be in the 5' orientation with respect to the promoter in order to enhance 

transcriptional activity. The combination of promoter and enhancer elements) 
used in a particular expression cassette can be selected by one skilled in the art to 
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maximize specific effects. Different enhancer elements can be used to produce a 
desired level of transgene expression in a wide variety of tissue and cell types. 
For example, the human CMV immediate early promoter-enhancer element can be 
used to produce high level transgene expression in many different tissues in vivo. 
5 Examples of other enhancer elements which confer a high level of 

transcription on linked genes in a number of different cell types from many species 
include enhancers from SV40 and RSV-LTR. The SV40 and RSV-LTR are 
essentially constitutive. They may be combined with other enhancers which have 
specific effects, or the specific enhancers may be used alone. Thus, where specific 

10 control of transcription is desired, efficient enhancer elements that are active only 

in a tissue-, developmental-, or cell-specific fashion include immunoglobulin, 
interleukin-2 (TL-2) and B-globin enhancers are of interest. Tissue-, develop- 
mental-, or cell-specific enhancers can be used to obtain transgene expression in 
particular cell types, such as B4ymphocytes and T-lymphocytes, as well as 

15 myeloid, or eiythroid progenitor cells. Alternatively, a tissue-srjecific promoter 

such as that derived from the human cystic fibrosis transmembrane conductance 
regulator (CFTR) gene can be fused to a very active, heterologous enhancer 
element, such as the SV40 enhancer, in order to confer both a high level of 
transcription and tissue-specific transgene trahsOTption. fr use of 

20 tissue-specMc r/rpmoters, such as LCK, may aUow targetmg of transgene 

transcription to T lymphocytes. Tissue specific transcription of the transgene may 
be important, particularly in cases where the results of transcription of the 
transgene in tissues other than the target tissue would be deleterious. 

Tandem repeats of two or more enhancer elements or combinations of 

25 enhancer elements may significantly increase transgene expression when compared 

to the use of a single copy of an enhancer element; hence enhancer elements find 
use in the expression cassette. The use of two different enhancer elements from 
the same or different sources flanking or within a single promoter can in some 
cases produce transgene expression in each tissue in which each individual 

30 enhancer acting alone would have an effect, thereby increasing the number of 

tissues in which transcription is obtained. In other cases, the presence of two 
(Merent enhancer dements results m silencmg of me enhan^ Evaluation 
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of particular combinations of enhancer elements for a particular desired effect or 
tissue of expression is within the level of skill in the art. Although generally it is 
not necessary to include an intron in the egression cassette, an intron comprising 
a 5' splice site (donor site) and a 3 ' splice site (acceptor site) separated by a 
5 sufficient intervening sequence to produce high level, extended in vivo expression 

of a transgene administered iv or ip can optionally be included. Generally, an 
intervening sequence of about lOObp produces the desired expression pattern 
and/or level, but the size of the sequence can be varied as needed to achieve a 
desired result. The optional intron placed 5' to the coding sequence results in high 

10 level extended in viva expression of a transgene administered iv or ip but generally 

is not necessary to obtain expression. Optimally, the 5* intron specifically lacks 
cryptic splice sites which result in aberrantly spliced mRNA sequences. If used, 
the intron splice donor and splice acceptor sites, arranged from 5 ' to 3' 
respectively, are placed between the transcription initiation site and the 

15 tiansktional start codon as diagrammed in (1), below. 

Consensus sequences for the 5' and 3 ' splice sites used in RNA splicing 
5' exon intron 3' exon 1 

. — ! r— ~ _____ — : — — T I " 

C A uuuuuuuuyu U C G (1) 

20 5' — or AG pi or AG U— or or or or or or or or or or or N or ^ or — -3' 

A -■■'-■1g K :'- ' '■' C CCC CCCC CCC U / A 



25 



30 



consensus sequence for consensus sequence for 3' splice site 

5' splice site ("donor site") ("acceptor site") 



1 The sequence given is that for the RNA chain; the nearly invariant GU and AG dinucleotides at 
either end of the intron are shaded. 



Alternatively, the intervening sequence may be placed 3 ' to the 
translational stop codon and the transcriptional terminator or inside the coding 
region. The intron can be a hybrid intron with an intervening sequence or an 
intron taken from a genomic coding sequence. An intron 3' to the coding region, 
35 a 5' intron which is of less than 100 bp, or an intron which contains cryptic splice 

sites may under certain condition substantially reduce the level of transgene 
expression produced in vivo. However, unexpectedly, a high level of in vivo 
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expression of a transgene can be achieved using a vector that lacks an intron. 
Such vectors therefore are of particular interest for in vivo transfection. 

In some cases, it may be desirable to use constructs that produce long term 
transgene expression in vivo, either by integration into host cell genomic DNA at 
5 high levels or by persistence of the transgene in the nucleus of cells in vivo in 

stable, episomai form. Integration of the transgene into genomic DNA of host 
cells in vivo may be facilitated by adrninistering the transgene in a linearized form 
(either the coding region alone, or the coding region together with 5' and 3' 
regulatory sequences, but without any plasmid sequences present). Additionally, 

10 in some instances, it may be desirable to delete or inactivate a mutant gene and 

replace it with a desired transgene. This may be achieved by using an expression 
cassette suitable for homologous recombination in vivo. Thus, for example, a 
linearized plasmid comprising an expression cassette may be used such as is 
described in European patent applications 88/201743.7 and PP89/202106.4. These 

15 applications disclose a plasmid for targeting of a specific gene. For the present 

application, a linear plasmid can be constructed wherein the replacement gene is 
flanked by 5' and 3* sequences which are sufficiently homologous with the 5' and 
3' sequences of the defective gene to provide for homologous recombination. 
Where it desired to insert the replacement gene in the mutant gene (thereby 

20 inactivating it) a means for selection is included within the 5' and 3* fl a nkin g 

sequences of the plasmid. 

The incidence of transgene integration into genomic DNA may be increased 
by incorporating a purified retroviral enzyme, such as the HTV-1 integrase 
enzyme, into the lipid canier-DNA complex. Appropriate flanking sequences are 

25 placed at the 5' and 3' ends of the transgene DNA. These flanking sequences 

have been shown to mediate integration of the HTV-1 DNA into host cell genomic 
DNA in the presence of HTV-1 integrase. Alternatively, the duration of the 
transgene expression in vivo can be prolonged by the use of constructs that contain 
non-transforming sequences of a virus such as Epstein-Barr virus, sequences such 

30 as oriP and EBNA-1 which appear to be' sufficient to allow heterologous DNA to 

be ieplicated as an episome in mammalian cells (Buhans ex <&. , Cell (1986) 
52:955). 
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Downstream from and under control of the transcriptional initiation 
regulatory regions is a multiple cloning site for insertion of a nucleic acid 
sequence of interest which will provide for one or more alterations of host 
genotype and modulation of host phenotype. Conveniently , the multiple cloning 
5 site may be employed for a variety of nucleic acid sequences in an efficient 

manner/ The nucleic acid sequence inserted in the cloning site may have any open 
reading frame encoding a polypeptide of interest, for example, an enzyme, with 
the proviso that where the ooding sequ ence encodes a polypeptide of interest, it 
should lack cruptic splice sites which can block production of appropriate mRNA 

10 molecules and/br produce aberrantly spliced or abnormal mRNA molecules. The 

nucleic acid sequence may be DNA; it also may be a sequence complementary to a 
genomic sequence, where the genomic sequence may be one or more of an open 
reading frame, an intron, a non-coding leader sequence, or any other sequence 
where the complementary sequence wiU inWbit to messenger RNA 

15 prcH^ssing, for example splicing, or translation. 

A number of nucleic add sequences ate of interest for use in vivo gene 
therapy of lung diseases or diseases of other tissues. When it is desired to have an 
extra-pulmonary effect, nucleic acid providing; for secretory leader sequence is 
included in the expression cassette. Where the nucleic acid codes for a 

20. polypeptide, the polypeptide may be one which is active intracellularly, a 

transmembrane protein, or it may be a secreted protein. It may also code for a 
mutant protein for ©cample are which is normally secreted but which has been 
altered to act intracellularly. The nucleic acid may also be a DNA sequences 
coding; f or mRNA (antisense or ribozyme sequences such as those to HTV-REV or 

25 BCR-ABL sequences) or for proteins such as transdominant negative mutants 

which specifically prevent the integration of HTV genes into the host cell genomic 
DNA, replication of HIV sequences, translation of HIV proteins, processing of 
HIV mRNA or virus packaging m (low density lipoprotein) 

receptor, which specifically lowers serum cholesterol, and which can reduce the 

30 risk of heart attack in individuals with elevated serum cholesterol levels, and 

proteins such as granulocyte macrophage colony stimulating factor (GM-CSF) 
which can stimulate the production of white blood cells from the bone marrow of 
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immunocompromised patients and produce significant anti-tumor activity or cystic 
fibrosis transmembrance conductance regulator (CFTR) for treatment cystic 
fibrosis. These, or other beneficial (therapeutic) nucleic acid sequences can be 
expressed in appropriate cells in vivo using this invention. 
5 Examples of beneficial merar^tic nucleic acid sequences are those 

encoding molecules have superoxide dismutase activity or catalase activity to 
protect the lung from oxidant injury; endothelial prostaglandin synthase to produce 
prostacyclin and prostaglandin E2; and antiprotease alpha-1 antitrypsin. Thus, this 
approach could dramatically improve the treatment of acquired immune deficiency 

10 syndrome (AIDS), cystic fibrosis, cancer, heart disease, autoimmune diseases and 

a variety of life threatening infections. For the treatment AIDS, anti-TAT, REV 
TAR or other critical anti-BIV sequences may be used, particularly for expression 
of the appropriate coding sequences in T lymphocytes, macrophages and 
monocytes which, can be achieved following iv administration of the appropriate 

15 coding sequences; expression of wild-type CFTR gene in the lungs of cystic 

fibrosis patients (see Collins, Science (1992) 256:774-783) CFTR cDNA can be 
obtained from Dr. Collins at University of Michigan or Dr. Tsui at Toronto Sick 
Children's Hospital; expression of wild-type p53 in tumors of cancer patients with 
absent or aberrant expression of this gene, p53 is obtainable from Dr. Vogelstein 

20 at John Hopkins Univ; antisense sequences to over-expressed, transforming 

oncogenes, such as myc or ras in tumors; genes which block activity of activated 
T cell clones which attack myelin in multiple sclerosis or other targets in 
autoimmune diseases. A T-cell lymphocyte clone activated to recognize and attack 
myelin can be targeted by using an anti-sense sequence, ribozyme sequence or 

25 transgene coding for a transdominant negative mutant which specifically blocks 

surface expression on the T-cell of T-cell receptor components which mediate 
recoghitibh and/or attack of myelm-sheamed cells. 

The tennination region which is employed primarily will be one of 
convenience, since terminati n regions appear to be relatively interchangeable. 

30 The termination region may be native to the intended nucleic acid sequence of 

interest, or may be derived from another source. Convenient termination regions 
are available and include the 3' end of a gene tenninator and polyadenylation 
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signal from the same gene from which the 5' regulatory region is obtained. 
Adenylation residues, preferably more than 32 and up to 200 or more as necessary 
may be included in order to stabilize the mRNA. Alternatively, a terminator and 
polyadenylation signal from different gene/genes may be employed with similar 
5 results. Specific sequences which regulate post-transcriptional mRNA stability 

may optionally be included. For example, certain polyA sequences (VoUoch er^. 
Cell (1981) 23:509) and B-globin mRNA elements can increase mRNA stability, 
whereas certain AU-rich sequences in mRNA can decrease mRNA stability (Shyu 
etaL. Genes and Devel . (1989) 3:60). In addition, AU regions in 3' non-coding 

10 regions may be used to destabilize mRNA if a short half-life mRNA is desirable 

for the gene of interest. 

The construct may additionally include sequences for selection, such as a 
neomycin resistance gene or a dihydrofolate reductase gene and/or signal 
sequences to regenerate recombinant proteins that are targeted to different cellular 

15 compartments or secreted when the wild type sequence is not. Any of a variety of 

signal sequences may be used which are well-known to those skilled in the ait. 
These signal sequences may allow generation of new vaccine strategies or produce 
soluble antagonists directed against specific cell surface receptors such as 
transformed oncogenes. The sequences for selection may be on a separate plasmid 

20 and cotransfected with the plasmid carrying the therapeutic nucleic add. Where a 

carrier is used, the selection plasmid may be complexed to a different carrier or to 
the same carrier as the therapeutic plasmid. 

Th^ ccriing-sequence flanked at its 5' end by the promoter and 

regulatory sequences and at its 3' end by a terminator and regulatory sequences 

25 may be introduced into a suitable cloning plasmid (e.g., pUC18, pSP72) for use in 

direct DNA uptake in host cells following introduction into the host 
Isolation of Genes and Construction of Lipid carriers 

Nucleic acid sequences for use in the present invention, can be 
derived from known sources, for example by isolating the nucleic acid from cells 

30 containing the desired gene, Using standard techniques. Similarly, the gene 

sequence can be generated synthetically, using standard modes of polynucleotide 
synthesis, well known in the art. See, e.g. Edge, M.D., Nature (1981) 222:756; 
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Nambair, et aL, Science (1984) 223_:1299; Jay, Ernest, J Biol Chem (1984) 
^2:6311. Generally, synthetic oHgonucleotides are prepared by either the 
ptio^hotriesto method as described by 

et al., Nucleic Acids Bes (1981)^:1691, or the phosphoramidite method as 
5 described by Beaucage, S.L., and Caruthers, M.H., Tet.Letts. (1981) '22: 1859, 

andm^ 

and can be prepared using commercially available automated ohgonucleotide 
synthesizers. The gene sequence can be designed with the appropriate codons for 
me particular amino acid sequence. In general, one will select preferred codons 
10 for expression in the intended host. The complete sequence is assembled from 

overlapping oHgonucleotides prepared by standard methods and assembled into a 
complete coding sequence, Edge (1981) Nature 292:756; Nambair et 

i,(^ 

A particiMy convenient method for obtaining nucleic acid for use 
15 in the lipid carrier-nucleic acid preparations, is by recombinant means. Thus, the 

desired gene can be excised from a plasmid carrying the desired gene, using 
standard restriction enzymes and procedures. Site specific DNA cleavage is 
perfonhedbyt^ 

conditions which are generally understood in the art, and the particulars of which 
20 are specified by the manufacturer of these commercially available restriction 

enzymes. See, e.g., New England Biolabs, Product Catalog. If desired, size 
separation of the cleaved fragments may be performed by rwlyacrylamide gel or 
agarose gel electrophoresis using standard techniques. A general description of 
size separations is found in Methods m Enzymology (1950) £5:499-560. 
25 Restriction cleaved fragments may be blunt ended by treating with 

me large fragment of K art DNA polymerase I (Klenow) in the presence of the 
four deoxynucleotide triphosphates (dT^ ^ 
Klenow fragment fills in at 5* stogle-stranded overhangs but chews back 
protruding 3' single strands, even though the four dNTPs are present. If desired, 
30 selective repair can be perfomed by supp^ 

dNTPs within the limitations dictated by the nature of the overhang. After 
treatment with Klenow, the mixture can be extracted with e.g. phenol/chloroform, 
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and ethanol precipitated. Treatment under appropriate conditions with SI nuclease 
or BAL-31 results in hydrolysis of any single-stranded portion. 

Once coding sequences for the desired proteins have been prepared 
or isolated, they can be cloned into any suitable vector or replicon. Numerous 
5 cloning vectors are known to those of skill in the art; the selection of an 

appropriate cloning vector is known to those of skill in the art, and the selection of 
an appropriate cloning vector is a matter of choice. Ligation to other sequences is 
performed using standard procedures, known in the ait. For example, ligations 
can be accomplished in 30 mM Tiis-Cl pH 7.8, 10 mMMgCl 2 , lOmMDTT, 50 
10 Mg/nJ BSA, md either 1 mM ATP, 0.014.0 (Weiss) units T4 DNA ligase at 

16°C (for "sticky end" ligation) or ImM ATP, 0.5-LO (Weiss) units T4 DNA 
ligase at 20°C (for "blunt end 1 * ligation). Intermolecular "sticky end" ligations are 
usually performed at 30-100 /ig/ml total DNA concentration (5-100 nM total end 
concentration). 

15 ; The nucleic sequence is placed under the control of a promoter, 

ribosome binding site and, optionally, an operator (collectively referred to herein 
as control" elements) , so that the coding sequence is transcribed into RNA in the 
host tissue transformed by the lipid carrier-nucleic acid. Hie coding sequence may 
or may not contain a signal peptide or leader sequence. A "promoter sequence" is 

20 a DNA regulatory region capable of binding RNA polymerase in a cell and 

initiating transcription of a downstream (3' direction) coding sequence. For 
purposes of defining the present invention, the promoter sequence is bound at the 
3' tenninus by &^ a coding sequence and 

extends upstream (5* direction) to include the minimum number of bases or 

25 elements necessary to initiate transcription at levels detectable above background. 

Within the promoter sequence is a transcription initiation site (conveniently defined 
by mapping with nuclease SI), as well as protein binding domains (consensus 
sequences) responsible for the binding of RNA polymerase. Nucleic acid "control 
sequences" or "regulatory regions" refer collectively to promoter sequences, 

30 ribosome binding sites, polyadenylation signals, transcription termination 

sequences, upstream regulatory domains, enhancers, and the like, which 
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collectively provide for the transcription and translation of a coding sequence in a 
host cell. 

The choice of regulatory elements will depend on the host cell 
which is to be transformed and the type of nucleic acid preparation used. Thus, if 
5 the host cells' endogenous transcription and translation machinery will be used to 

express a polypeptide of interest, control elements functional in the particular host 
which provide for expression are used. Several promoters for use in mammalian 
cells are known in the art and include, but are not limited to, a SV40 (Simian 
Virus 40) early promoter, a RSV (Rous Sarcoma Virus) promoter, an Adenovirus 

10 major late promoter, and a human CMV (Cytomegalovirus) immediate early one 

promoter. Other promoters which may be used include those derived from mouse 
mainmary nmor viro and me like). Particulady useful m 

present invention are the RSV promoter and the CMV promoter, particularly the 
friTWftHiatft early promoter from the AD169 strain of CMV .. 

15 In addition to the above sequences, it may be desirable to add to the 

nucleic acid construct regulatory sequences which allow for regulation of the 
expression of the polypeptide of interest sequences. Regulatory sequences are 
known to those of skill in the art, and examples include those which cause the 
expression of a gene to be turned on or off in response to a chemical or physical 
•20. stimulus, including the presence of a regulatory compound. Such promoters can 
be used to regulate expression of the transgene by the use of external stimuli such 
■ as mterieron or glucocorticoids. 

Other types of regulatory elements may also be present in the 
plasmidj for example, enhancer sequences. Such regulatory elements include 

25 those obtainable from jS-mterferon, heat shock, metaUothionein or steroid hormone 

responsive genes, including insect genes such as the ecdysone receptor gene. 
Since the arrangement of eukaryotic promoter elements is highly flexible, 
combinations of constitutive and inducible elements can be used. Tandem arrays 
of two or more inducible promoter elements may increase the level of induction 

30 above baseline levels of transcription which can be achieved with a single 

inducible element By transcription enhancer elements are intended DNA. 
sequences which are primary regulators of trarwcriptiorud activity which can act to 
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increase transcription from a promoter element, and generally do not have to be in 
the 5* orientation with respect to the promoter in order to enhance transcriptional 
activity. - ■ 

The combination of promoter and enhancer elements used in a 
5 particular nucleic acid construct can be selected by one skilled in the art to 

maximize specific effects; different enhancer elements can be used to produce a 
desired level of transgene expression. For example, a tissue specific promoter 
such as that derived from the human cystic fibrosis transmembrane conductance 
regulator (CFTR) gene can be used flanking a very active, heterologous enhancer 
10 element, such as the SV40 enhancer, in order to obtain both a high level of 

expression and expression of the transgene primarily m 

the lung. Tandem repeats of two or more enhancer elements or combinations of 
enhancer elements may significantly increase transgene repression when compared 
to the use of a single copy of an enhancer dement. The use of two different 

15 enhancer elemrats from the same or different sources, flanking or within a single 

promoter may be used. Evaluation of particular combinations of enhancer 
elements for a particular desired effect or expression level is within the knowledge 
of one skilled in the art. Promoter-enhancer dements which are least partially 
derived from CMV Townes and/or AD169 strains are of particular interest for 

20 providing a high level of expression of a transgene. 

The termination region which is employed primarily will be one of 
convenience, since termination regions appear to be relativdy interchangeable. 
The termination region may be native to the intended nucldc arid sequence of 
interest, or may be derived from another source. Convenient termination regions 

25 are available and include the 3' end of a gene terminator and polyadenylation 

signal from the same gene from which the 5' regulatory region is obtained. 
Adenylation residues, preferably more than 32 and up to 200 or more if necessary 
may be included in order to stabilize the mRNA. Alternatively, terminator and 
v polydenylation signals from a different gene/genes may be employed with similar 

30 results. Specific sequences which regulate post-transcriptional mRNA stability 

may optionally be included. For example, certain polyA sequences (Volloch et 
al. , Cell (1981) 21:509) and jS-globin mRNA dements can increase mRNA 
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stability, whereas certain AU-rich sequences in mRNA can decrease mRNA 
stability (Shyu et aL, Genes and Development (1989) 2:60). In addition, AU 
regions in 3' non-coding regions may be used to destabilize mRNA if a short half 
life mRNA is desirable. A 3'-intron should be avoided, particularly a SV40 3'- 

5 intron. If used, me 3'-mtron should be greater about 70 bp. 

The nucleic acid construct may include sequences for selection, such 
as a neomycin resistance gene, dihydrofolate reductase gene, and/or signal 
sequences to regenerate recombinant proteins that are targeted to different cellular 
cpmpartment or secreted when the wild type sequence is not. Any of a variety of 

10 signal sequences may be used which are well known to those skilled in the art. 

The signal sequences may allow generation of new vaccine strategies or produce 
soluble antagonists directly against specific cell surface receptors such as 
transformed oncogenes. The sequences for selection may be on a separate plasmid 
and cotransfected with the plasmid carrying the nucleic acid coding for the 

15 therapeutic polypeptide. The selection plasmid may be complexed to a different 

carrier or to the same carrier as the therapeutic plasmid. 

An expression vector is constructed so that the particular coding 
sequence is located in the vector with the appropriate regulatory sequences, the 
positioning and orientation of the coding sequence with respect to the control 

20 sequences being such that the coding sequence is transcribed under the "control" 

of the control sequences. Modification of the sequences encoding the particular 
protein of interest may be desirable to achieve this end. For example, in some 
cases it may be necessary to modify the sequence so that it may be attached to the 
control^ 

25 frame. The control sequences and other regulatory sequences may be ligated to 

the coding sequence prior to insertion into a vector. Alternatively, the coding 
sequence can be cloned directly into an expression vector which already contains 
the control sequences and an appropriate restriction site which is in reading frame 
with and under regulatory control of the control sequences. 

30 it may be desirable to produce mutants or analogs of the proteins of 

interest Mutants or analogs may be prepared by me ddetton of a^ 
sequence encoding the protein, by insertion of a sequence, and/or by substitution 
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of one or more nucleotides within the sequence. The mutation can be one that 
affects secretion of a normally secreted protein, so as to eliminate or decrease 
systemic side effects of the ( protein, for example, tumor necrosis factor. 
Techniques for modifying nucleotide sequences, such as site-directed mutagenesis, 

5 are well known to those skilled in the art. See, e^, Sambrook et al, infra; DNA 

Cloning, Vols. I and II, supra; Nucleic Acid Hybridization, infra. 

If the gene sequence of the desired protein is not known, it can be 
obtained using the following general techniques. The desired protein can be 
isolated from, for example, tissue samples containing the same. This is generally 

10 accomplished by first preparing a crude extract which lacks tissue components and 

several extraneous proteins. The desired proteins can then be further purified i.e. 
by column chromatography, HPLC, immunoabsorbent techniques or other 
conventional methods well known in the art. Ihrrification of the protein permits 
the sequencing of the same by any of the various methods known to those skilled 

15 in the art. For example, the amino acid sequences of the subject proteins can be 

determined from the purified proteins by repetitive cycles of Edman degradation, 
followed by amino acid analysis by HPLC. Other methods of amino acid 
sequencing are also known in the art. 

Once me amino acid sequences are determined, oligonucleotide 

20 probes which contain the codons for a portion of the detennmed amino acid 

sequences can be prepared and used to screen DNA libraries for genes encoding 
the subject proteins. The basic strategies for preparing oligonucleotide probes and 
DNA libraries, as well as their screening by nucleic acid hybridization, are well 
known to those of ordinary skill in the art. .See, DNA Cloning: Vol. I, 

25 supra; Nucleic Acid Hybridization, supra; Oligonucleotide Synthesis, supra; 

Sambrook, et al. r supra. First, a DNA library is prepared. The library can 
consist of a genomic DNA library from the species of choice. Once the library is 
constructed, oligonucleotides to probe the library are prepared and used to isolate 
the gene encoding the desired protein. The oligonucleotides are synthesized by 

30 any appropriate method. The particular nucleotide sequences selected are chosen 

so as to correspond to the codons encoding a known amino acid sequence from the 
desired protein. Since the genetic code is degenerate, it will often be necessary to 
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synthesize several oligonucleotides to cover all, or a reasonable number, of the 
possible nucleotide sequences which encode a particular region of the protein. 
Thus, it is generally preferred in selecting a region upon which to base the probes, 
that the region not contain amino acids whose codons are highly degenerate. 
5 In certain circumstances, one of skill in the art may find it desirable 

to prepare probes that are fairly long, and/or encompass regions of the amino acid 
sequence which would have a high degree of redundancy in corresponding nucleic 
acid sequences, particularly if this lengthy and/or redundant region is highly 
characteristic of the protein of interest It may also be desirable to use two probes 
10 (or sets of probes), each to different regions of the gene, in a single hybridization 

experiment. Automated oligonucleotide synthesis has made the preparation of 
large feunilies of probes relatively straight-forward. While the exact length of the 
probe employed is not critical, generally it is recognized in the art that probes 
from about 14 to about 20 base pairs are usually effective. Longer probes of 
15 about 25 to about ^ 

The selected oligonucleotide probes are labeled with a marker, such 
as a radionucleotide or biotin using standard procedures. The labeled set of 
probes is then used in the screwing step, which consist of allowing the single- 
stranded probe to hybridize to isolated ssDNA from the library, according to 
20 standard techniques. Either stringent or permissive hybridization conditions could 

be appropriate, depending upon several factors, such as the length of the probe 
and whether the ^ species as the library, or an 

evolutionary close or distant species. The selection of the appropriate conditions 
is within the skill of the art. §ee, generally . Nucleic Acid Hybridization, supra. 
25 The basic requirement is that hybridization conditions be of sufficient stringency 

so that selective hybridization occurs; Le., hybridization is due to a sufficient 
degree of nucleic acid hoinology (e.g., at least atout 75%), as opposed to 
nonspecific binding. Once a clone from the screened library has been identified 
by positive hybridization, it can be confirmed by restriction enzyme analysis and 
30 PNA sequencing that the particular library insert contains a gene for the desired 

protein. The desired DNA sequence can then be cloned into a cloning vector and 
further used, as described below. 
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Preparation of Lipid carriers 

Liposomal preparations for use in the instant invention include 
cationic (positively charged), anionic (negatively charged) and neutral 
5 preparations. However, cationic lipid carriers are particularly preferred because a 

tight charge complex can be formed between the cationic lipid carrier and the 
polyanionic nucleic acid, resulting in a lipid carrier-nucleic acid complex which 
will withstand both the forces of nebulization and the environment within the lung 
airways and be capable of transfecting lung cells after the aerosolized DNA:lipid 

10 carrier complex has been deposited in the lung. Cationic liposomes have been 

shown to mediate intracellular delivery of plasmid DNA (Feigner, et al , Proc. 
Natl Acad. Sci. USA (1987) M:7413-7416); inRNA (Malone, et al. , Proc. Natl 
Acad. Sci. US4 (1989) j&:6077-6081); and purified transcription factors (Debs, et 
aly J Biol Chem. (1990) 2j£: 10189-10192), in functional form. 

15 Lipid carriers can be prepared from a variety of cationic lipids, 

including DOTAP, DOTMA, DDAB, L-PE, and the like. Lipid carriers 
containing a catipnic lipid, such as {N(l-2-3-dioleyloxy) propyl}-N,N,N- 
triethylairimom^ 
(DDAB), or 1,2 

20 . lysmylphosphatidylemanolamine (L-PE) and a second lipid, such as 

distearoylphosphatidylethanolainine (DOPE) or cholesterol (Choi), are of particular 
interest. DOTMA synmesis is described in Feigner, et al. , Proc. Nat. Acad. 
Sciences, (USA) (1987) 84:7413-7417. DOTAP synthesis is described in 
Stamatatos, et al , Biochemistry (1988) 27:3917. DOTMA:DOPE lipid carriers in 

25 the form of liposomes can be purchased from, for example, BRL. DOTAP:DOPE 
liposomes can be purchased from Boehringer Mannheim. Cholesterol and DDAB 
are commercially available from Sigma Corporation. DOPE is commercially 
available from Avanti Polar Lipids. DDAB:DOPE can be purchased from 
Promega. Biodegradable lipid carriers are of particular interest. Cationic lipids 

30 wherein the positive change is positioned very close to the lipid bilayer e.g. 

DDAB, rather than projecting out from the bilayer and therefore more exposed 
e.g. emylphosphatidylemanolamine (E-PC), are also of interest. 
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Cationic lipid canienDNA complexes are internalized by cells by a 
classical receptor-mediated endocytosis using cell surface receptors which contain 
specific binding sites for, and are able to mtemalize, cationic molecules. Using 
agents such as cytokines, growth factors, other soluble proteins and certain drugs, 
5 it is thus possible to selectively up or down regulate these cation-binding 

receptors. The rate of up or down regulation of these receptors by the appropriate 
agent will allow selection of specific cells for enhanced or reduced levels of 
transfection in vivo. Thus, the use of specific cationic lipids can confer specific 
advantages for in vivo delivery. For example, iv injection of DOTAP-containing 

10 or ethylphosphatidylcholine (E-PC) lipid carriers can target transgene expression 

primarily to the lung and may offer increased advantages for aerosolized delivery. 
Furthermore, E-PC and DOTAP, as well as L-PE and CEBA are fully 
metabolized by cells, whereas DOTMA cannot be fully metabolized by cells. 
Therefore, DOTAP and L-PE, but not DOTMA, are suitable for repeated 

15 administration to mammalian hosts; Additionally, complexing the cationic lipid 

with a second lipid, primarily either cholesterol (0-50 mole percent, preferably 33- 
50 mole percent) or DOPE can maximize transgene expression in vivo. For 
example, mixing cholesterol instead of DOPE with DOTAP, DOTMA, or DDAB 
may substantially increase transgene expression in vivo. 

20 Particular cells within the lung may be targeted by modifying the 

lipid carriers to direct them to particular types of cells using site-directing 
molecules. Thus antibodies or ligands for particular receptors may be employed, 
to target a cell associated with a particular surface protein. A particular ligand or 
antibody may be conjugated to the lipid carrier in accordance with conventional 

25 ways, either by conjugating the site-directing molecule to a lipid for incorporation 

into the lipid bilayer or by providing for a linking group on a lipid present in the 
bikyer for linking to a fmictionaUty of the ateHtotmg impound. Such 
techniques are well known to mose skilled in the art. For example, ligand- 
directed DNA-polycation complexes have been shown to transfect hepatocytes in 

30 the Ever after iv injection. More precise' intrapulmonary targeting may be 

achieved by a) altering aerosol particle size to preferentially direct the aerosol to 
alveoli or proximal versus distal airways or (b) to covalently couple monoclonal 
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antibodies to the lipid carrier surface, thereby targeting lung cells expressing the 
corresponding cell surface antigen pi" using specific cationic lipids that have 
specific affinities for specific lung cell types. 

Non-cationic Uposomes, particularly pH sensitive liposomes, offer 
5 another potentially attractive approach to in vivo gene therapy. However, as 

compared to cationic liposomes, pH sensitive liposomes are less efficient in 
capturing DNA and delivering DNA intracellularly. Anionic and neutral 
liposomes are readily available, such as from Avanti Polar Lipids (Birmingham, 
AL), or can be easily prepared using readily available materials. Such materials 

10 include phosphatidylcholine, cholesterol, phqsphatidylethanolarnine, 

dioleoylphosphatidylcholine (DOPC), dioleoylphoshatidyleftanolarnine (DOPE), 
among others. These materials can also be mixed with the DOTMA and DOTAP 
starting materials in appropriate ratios. Methods for making liposomes using these 
materials are well known in the art. 

15 Unexpectedly, the lipid composition of the lipid carriers used for 

nebulization can dramatically affect the level of transgene expression produced 
in vivo. Thus, the liposomal lipid compositions generally have a composition of 
50% molar ratio of cationic lipid to non-cationic lipid, but may range from 5% to 
100%. The diameter of the lipid carriers should generally be within the range of 

20 100 hm to 10 microns, preferably 100 nm to 500 nm. Other DNA sequences, 

such as adenovirus V A genes can be included in the lipid carrier-DNA complex 
formulation or be co-transfected with the gene of interest. The presence of genes 
coding for the adenovirus VA gene product may significantly enhance the 
translation of mRNA transcribed f^ 

25 The lipid carriers can comprise multilamellar vesicles (MLVs), 

small unilamellar vesicles (SUVs), or large unilamellar vesicles (LUVs). MLV 
and LUV are prepared by vortexing rather than sonicating after addition of the 
aqueous material to the dry lipid film. If desired, the resulting lipid carriers can 
be extruded under high pressure through sized polycarbonate membranes to 

30 achieve more uniform size distributions. SUVs are prepared by extended 

sonication of MLVs to produce a homogeneous population of unilamellar lipid 
carriers. Commonly used methods for making lipid carriers include Ca 2+ -EDTA 
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chelation (Papahadjopoulos, et al. , Bidchim. Biophys. Acta (1975) 324:483; 
Wilson, et al. , Cell (1979) 12:77); ether injection (Deamer, D. and Bangham, A. , 
Biochhn. Biophys. Acta (1976) 441:629; Ostro, et al., Biochem. Biophys. Res. 
Commun. (1977) 7f>:836; Fraley, er a/., Pwc. Natl Acad. Sci. USA (1979) 
5 76:3348); detergent dialysis (Enoch, H. and Strittmatter, P., Proc, Natl. Acad. 

Sci. USA (1979) 76:145) and reverse-phase evaporation (REV) (Fraley, et al., /. 
Biol. C^ewj. (1980)255:10431; Szoka, F. and Papahadjopoulos, D. , Proc. Natl. 
Acad. Sci. USA (1978) 75:145; Schaefer-Ridder, et al, Science (1982) 215:166). 

The various lipid carrier-nucleic acid complexes wherein the lipid 

10 carrier is a liposome are prepared using methods well known in the art See, 

Straubinger et al. , in Methods of Immunology (1983), Vol. 101, pp. 512-527. By 
"lipid carrier-nucleic acid complex" is meant a nucleic acid sequence as described 
above, generally bound to the surface of a lipid carrier preparation. The lipid 
carrier preparation can also include other substances, such as enzymes necessary 

15 for integration, transcription and translation, cofactors, etc. Furthermore, the lipid 

carrier-nucleic acid complex can include targeting agents to deliver the complex to 
particular cell or tissue types. 

To prepare the complexes, generally, the nucleic acid material is added to a 
suspension of preformed MLVs or SLVs only after the lipid carriers have been 

20 prepared and then vortexed. When using lipid carriers containing cationic lipids, 

the dried lipid film is resuspended in an appropriate mixing solution such as sterile 
water or an isotonic buffer solution such as lOmM Tris/NaCl, or 5% dextrose in 
sterile water, sonicated, and then the preformed lipid carriers are mixed directly 
with the DNA. The lipid carrier and DNA form a very stable complex due to 

25 binding of the negatively charged DNA to the cationic lipid carriers. SUV s find 

use with small nucleic add fragments as well as large regions of DNA (> 250 
Kb). In preparing the lipid canier-nucleic acid complexes, care should be taken to 
exclude any compounds from the mixing solution which may promote the 
formatipn of aggregates of the lipid carrier-nucleic acid complexes. Large 

30 particles generally will not be aerosolized by the nebulizer and even if aerosolized 

would be too large to penetrate beyond the large airways. Aggregation of the lipid 
carrier-nucleic acid complex is prevented by controlling the ratio of DNA to lipid 
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carrier, rrunimizing the overall concentration of DNArlipid carrier complex in 
solution, usually less than 5 mg DNA/8 ml solution, and the avoiding chelating 
agents as EDTA, and significant amounts of salt which tend to promote 
macroaggregatidn. The preferred excipient is water, dextrose/water or another 

5 solution having low or no ionic strength. Further, the volume must be adjusted to 

the minimum for deposition in the lungs of the host mammal, but taking care not 
to make the solution too concentrated so that aggregates form. 

The choice of lipid carriers and the concentration of lipid carrier- 
nucleic acid complexes thus involves a two step process. The first step is to 

10 identify lipid carriers and concentration of lipid carrier-nucleic acid complexes that 

do not aggregate when the components are combined or during the significant 
agitation of the mixture that occurs during the nebulization step. The second step 
is to identify among those that are identified as of interest at the first step (i.t. do 
not aggregate) those complexes that provide for a high level of transfection and 

15 expression of a gene of interest in target cells in the lung. The level of expression 

; and the cell types in which expression of the recombinant gene is obtained may be 
determined at the mRNA level and/or at the level of polypeptide or protein. Gene 
product may be quantitated by measuring its biological activity in tissues. For 
example, enzymatic activity can be measured by biological assay or by identifying 

20 the gene product in transfected cells by immunostaining techniques such as probing 

with an antibody which specifically recognizes the gene product or a reported gene 
product present in the expression cassette. 

As an example, a reporter gene CAT (wMch encodes 
chloramphenicol acetyl transferase) can be inserted in the expression cassette and 

25 used to evaluate each lipid carrier composition of interest. The DNArlipid carrier 

complexes must be mixed in solutions which do not themselves induce aggregation 
of the DNA:lipid carrier complexes such as sterile water. The expression cassette 
(DNA) is mixed together with the lipid carriers to be tested in multiple different 
ratios, ranging as ah example from 4:1 to 1: 10 (micrograms DNA to nanombles 

30 cationic lipid). The results provide information concerning which' ratios result in 

aggregation of the DNAtlipid carrier complexes and are therefore not useful for 
use in vivo, and which complexes remain in a form suitable for aerosolization. 
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The ratios which do not result in aggregation are tested in animal models to 
determine which of the DNA:lipid carrier ratios confer the highest level of 
transgene expression in vivo. For example, the optimal r>NA:tipid carrier ratios 
for SUV for POTMA/DOPE, E-PC:cholesterol, emyidimystrylphosphatidyl- 
5 choline and DDAB:Choi are 1:1 or 1:2. 

Administration 

The ma mmalian host may be any mammal having symptoms of a 
genetically-based disorder. Thus, the subject application finds use in domestic 

10 animals, feed stock, such as bovine, ovine, and porcine, as well as primates, 

particularly humans. In the method of the invention, transformation in vivo is 
obtained by introducing a non-mtegrating therapeutic plasmid into the mammalian 
host complexed to a lipid carrier, particularly a cationic lipid carrier more 
particularly, for human use or for repeated applications a biodegradable lipid 

15 carrier. For introduction into the mammalian host any physiologically acceptable 

medium may be employed for administering the DNA or lipid carriers, such as 
deionized water, 5% dextrose in water, and the like. Other components may be 
included in the formulation such as stabilizers, biocides, etc, providing that they 
meet the criteria outlined above, i.e. do not cause aggregation of the complexes. 

20 _ The various components listed above find extensive exemplification in the 
literature and need not be described in particular here. 

The lipid carrier-nucleic acid complex is aerosolized by any 
appropriate method. For use with hiimaris or other pnmates, the aerosol is 
generated by a medical nebulizer system which delivers the aerosol through a 

25 mouthpiece, facemask, etc. from which me mammalian host can draw the aerbsol 

into the lungs. Various nebulizers are known in the art and can be used in the 
rnemod of me present inventions See, for example. Boiarski, et al., U.S. Patent 
No. 4,268,460; Lehmbeck, et at. , U.S. Patent No. 4,253,468; U.S. Patent No. 
4,046,146; Havstad, et al, U.S. Patent No. 3,826,255; Kmght, cr ^. , U.S. 

30 Patent No. 4,649,911; Bdrdorn ; , et al. , U.S. Patent No. 4,510,829. The selection 

of a nebulizer system depends on whether alveolar or airway delivery (i.e., 
trachea, primary, secondary or tertiary bronchi, etc.), is desired as well as 
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verifying that the specific nebulizer system does not denature or inactivate the 
nucleic acid construct. 

A convenient way to insure effective delivery of the nucleic acid to 
the alveoli is to select a nebulizer which produces sufficiently small particles for 
5 example, particles with a mean particle diameter of less than 5.0 riucrons (jim). 

More preferably the particles have a mean particle diameter of about 0-2 to about 
4.0 /im, and most preferably the particles have mean diameter of about 0.2 to 
about 2 jim, since larger particles ( £ 5 j*m) are generally deposited in the 
proximal airways or nasopharynx. As an alternative to selecting small mean 

10 particle diameters to achieve substantial distal airway and alveolar deposition, a 

very high dosage of the lipid carrier-nucleic add preparation can be administered, 
with a large* mean particle diameter. A proviso to such an approach is that the 
particular lipid carrier-nucleic acid complex is chosen that is not too irritating at 
the required dosage and that there be a sufficient number of particles in the total 

15 particle population having a diameter in the 0.5 to about 5 fim range to allow for 

deposition in the alveoli. For proximal airway delivery, the mean particle size 
will be larger. For example, suitable mean particle diameters will generally be 
less than about 15 pm, more preferably from about 4 /im, and most preferably 
from about 5 pm to about 10 /im. 

20 Examples of nebulizers useful for alveolar delivery include the 

Acorn 1 nebulizer, and the Respirgard II Nebulize System, both available 
commercially from Maniuest Medical Products^ Inc. , Inglewood, CO. Other 
commercially available nebulizers for use with the instant invention include the 
UltraVent® nebulizer available from Mallmc^ MO); 

25 the Wright nebulizer (Wright, B.M., Lancet (1958) 3:24-25); and the DeVilbiss 

nebulizer (Mercer et aL y Am. Ind. Hyg. Assoc. J. (1968) 22:66-78; XT. Mercer, 
Chest (1981) SQ: 6 (Sup) 813-817). Nebulizers useful for airway delivery include 
those typically used in the treatment of asthma; Such nebulizers are also 
commercially available. One of skill in the art can determine the usefulness of a 

30 particular nebulizer by measuring the mean particle size generated thereby with for 

example, a 7 stage Mercer cascade irnpactor (Ihtox Products, Albuquerque, NM). 
Concentrations of the lipid carrier-nucleic acid complex from the irnpactor plates 



WO 93/12756 PCIVUS9 2 /iiOP8 

32 ' .;• 

can be determined by eluting the complex merefrom and assessing the optical 
density at an appropriate wavelength and comparing the standard curves. Results 
are generally expressed as mass median aerodynamic diameter ±. geometric 
standard deviation (Raabe, J. Aerosol Sci. (1971) 2:289-303). 
5 The amount of lipid carriers used will be an amount sufficient to 

provide for adequate transfection of cells after entry of the DNA or complexes into 
the lung and to provide for a therapeutic level of transcription and/or translation in 
transfected cells A therapeutic level of transcription and/or translation is a 
sufficient amount to treat or palliate a disease of the host mammal following 

10 administration of the lipid carrier-nucleic acid complex to the host mammal's lung, 

particularly the alveoli or airway. Thus, an "effective amount" of the aerosolized 
lipid carrier-nucleic acid preparation, is a dose sufficient to effect treatment, that 
is, to cause alleviation or reduction of symptoms, to inhibit the worsening of 
symptoms, to prevent the onset of symptoms, and the like. The dosages of the 

15 present compositions which constitute an effective amount can be determined in 

view of this disclosure by one of ordinary skill in the art by running routine trials 
with appropriate controls. Comparison of the appropriate treatment groups to the 
controls will indicate whether a particular dosage is effective in preventing or 
reducing particular symptoms. Appropriate doses are discussed further below. 

20 While there is no direct method of measuring the actual amount of lipid carrier- 

nucleic acid complex delivered to the alveoli, bronchoalveolar lavage (BAL) can 
be used to indirectly measure alveolar concentrations of any expressed and 
secreted protein, usually 18-24 his after inhalation to allow clearance of the 
protein deposited in the larger airways and bronchi. 

25 The total amount of nucleic acid delivered to a mammalian host will 

depend upon many factors, including the total amount aerosolized, the type of 
nebulizer, the particle size, breathing patterns of the mammalian host, severity of 
lung disease, concentration and mean diameter of the lipid carrier-nucleic acid 
complex in the aerosolized solution, and length of inhalation therapy. Thus, the 

30 amount of expressed protein measured in the alveoli may be substantially less than 

what would-be expected to be expressed from the amount of nucleic acid present 
in the aerosol, since a large portion of the complex may be exhaled by the subject 
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or trapped on the interior surfaces of the nebulizer apparatus. For example, 
approximately one third of the lipid carrier-nucleic acid dose that is placed into the 
nebulizer remains in the nebulizer and associated tubing after inhalation is 
completed. This is true regardless of the dose size, duration of inhalation, and 
5 type of nebulizer used. Moreover, resuspension of the residue and 

readministration does not significantly increase the dose delivered to the subject; 
about one third remains in the nebulizer. Furthermore, even with minimization of 
airway deposition, a portion of the dose is still deposited in the airways. 
Additionally, efficiency of expression of the encoded protein will vary widely with 

10 the expression system used. 

Despite the interacting factors described above, one of ordinary skill 
in the art will be able readily to design effective protocols, particularly if the 
particle size of the aerosol is optimized. Based on estimates of nebulizer 
efficiency, an effective dose delivered usually lies in the range of about 1 

15 mg/treatment to about 500 mg/treatment, although more or less may be found to 

be effective depending on the subject and desired result. It is generally desirable 
to administer higher doses when treating more severe conditions. Generally, the 
nucleic acid is not integrated into the host cell genome, thus if necessary, the 
treatment can be repeated on an ad hoc hasis depending upon the results achieved. 

20 If the treatment is repeated, the mammalian host is monitored to ensure that there 

is no adverse immune response to the treatment. The frequency of treatments 
depends upon a number of factors, such as the amoimt of hpid carrier-nucleic ac 
complex administered per dose, as well as the health and history of the subject. 
As used herein, with reference to dosages, "lipid carrier-nucleic add aerosol" 

25 refers to the amount of lipid carrier-nucleic acid complex that is placed in the 

nebulizer and subjected to aerosolization. The "amount nebulized" or "amount 
aerosolized" of the complex means the amount that actually leaves the apparatus as 
an aerosol, i.e., the amount placed into the apparatus less the amount retained in 
the reservoir and on the inner surfaces of the apparatus at the conclusion of a 

30 treatment session. 

In particular treatment regimens, for example, in the treatment of 
cancer, it may be necessary to administer sequential doses at intervals ranging 
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from every 8 to 12 hours to once a month. The frequency of treatment can be 
monitored by evaluating whether there has been until significant ameUoration or 
complete disappearance of the cancer with a particular treatment regimen. 
Treatment may have to be modified if dose-limiting host toxicity develops. 

5 Similar aanmiisrration protocols also may be developed in for example, patients 

where aU macroscopic evidence of tumor has been removed, in order to prevent 
tumor recurrence due to persistence of undetected microscopic disease. 

To treat pulmonary infections such as bronchitis and pneumonia, it 
will usually be necessary to aimnister at least one dose per day over a period of 

10 about 4 to about 21 consecutive days or longer. The treatment is usually carried 

out on consecutive days because new areas of the lungs open up to penetration and 
deposition of the nucleic acid with increasing resolution of the infection. The 
success of the treatment can be monitored and the administration regimen altered 
by assessing conventional clinical criteria; e.g., clearing of radiographic infiltrate, 

15 improved arterial POa (e.g., > 70 mmHg), reduction in dyspnea, respiratory rate 

and/or fever. For the treatment of genetic disorders, such as cystic fibrosis, the 
lipid carrier-nucleic acid complex will be administered at regular intervals, from 
once a week to once every one to several months, in order to provide wild-type 
CFTR protein in critical host airway cells, since these cells continue to turn over. 

20 itmay also be possible to stably transfect the CFTR gene into appropriate lung 

stem cells, which would men provide a continuous source of normal airway cells 
" ■ ^ Potential merapeutic effects of the gene 

product can be measured, by deterrnining the effects of gene expression oh 
survival of transgenic host mammals in which the transgene is expressed. 

25 Production of significant amounts of a transgene product will substantially prolong 

the survival of the afllkted host 

Where expression of the polypeptide/protein <)r even the mRNA 
itself confers a changed biocheinical phenotype^u^^ the host, me presence of a 
new phenotype or absence of an old phenotype may be evaluated; for example, as 

30 a result of transformation of the host cells, there may be enhanced production of 

pre-existing desirable products formerly produced in insufficient quantities or there 
may be reduction or even suppression of an undesirable gene product using 
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antisense, ribozyme or co-suppression technologies; in the case of reduction or 
suppression, a reduction or elimination of the gene product may be determined. 

The potential toxicity of the treatment may be evaluated by 
behavioral manifestations, and where appropriate, by analysis of biopsy specimens. 
5 Thus, behiivioral activity which evidences distress, such as changes in activity 

level, changes in eating and drinking patterns and the like, can be monitored, as 
well as evidence of necrosis, edema or inflammation in biopsy specimens. 

The subject compositions can be provided for use in one or more 
procedures. Kits will usually include the DNA either as naked DNA or 

10 complexed to lipid carriers. Additionally, lipid carriers may be provided in a 

separate container for completing with the provided DNA. The DNA or the lipid 
carrier/DNA complexes may be present as concentrates which may be further 
diluted prior to use or they may be provided at the concentration of use, where the 
vials may include one or more dosages. C^onyeaiiently, single dosages may be 

15 provided in sterilized containers suitable for use with a n^ulizer, so that the 

physician or veterinarian may employ toe containers directly with a nebulizer, 
where the containers will have the desired amount and concentration of agents. 
Thus, the kit may have a plurality of containers containing the DNA or the 
DNA/lipid carrier complexes in appropriate proportional amounts, and optionally, 

20 appreciate diluent and mixing solutions. When the containers contain the 

formulation for direct use, usually there will be no need for other reagents for use 
with the method. 

. . Uses . . ,\. . ' * ■ 

25 Uses of the subject invention include but are not limited to the 

following. The present invention is particularly useful for the delivery of 
substances directly into the lung for the prevention and/or treatment of pulmonary 
disorders such as lung cancer, emphysema, asthma, lung infections such as chronic 
bronchitis and pneumonia, degenerative diseases of the lung, as well as genetic 
30 disorders such as cystic fibrosis and a-1 antitrypsin deficiency. 

For the treatment f lung tumors, genes encoding toxic peptides (for 
example, therapeutic agents such as ridh, diphtheria toxin and cobra venom 



PCT/US92/11008 

WO 93/12756 

36 

factor), wild-type tumor suppressor genes (such as p53, genes coding for mRNA 
sequences which are antisehse to transfonning oncogenes, or other antineoplastic 
peptides, such as tumor necrosis factor (TNF) and Other cytokines, or 
transdominant negative mutants of transforming oncogenes), can be inserted into 
5 the nucleic acid construct and using the above described methods, completed to a 

lipid carrier and delivered for expression at or near the tumor site. Some tumors 
such as colon tumors can be specifically targeted by incorporating targeting agents, 
such as antibodies directed against tumor cell surfece antigens, onto the lipid 
carrier. See, e.g., Lasennan, et al. , Nature (1980)^602-604; Huang, era/., 

10 Biochemistry (1981) 20:4299-4238, for methods of mcorporating antibodies onto 

Uposomal surfaces. Similariy, genes codmg for peptides known to 
antivirai and/or antibacterial activity, or stimulate the host' immune system, can 
also be administered to the lung in order to treat pulmonary infections. Thus, the 
genes encoding many of the various cytokmes (or functional fragments thereof), 

15 such as me mterleuldns, interferons, and colony stmiulating ractors, will find use 

with the instant invention. The gene sequences for a number of these substances 
are known, 

(PCP) activity in immunodeficient mice with PCP following aerosol delivery of the 
peptide. Beck et al., Infect, andbrmaih. (1991) 59:3859-3862. 

20 Genes encoding antioxidants will also find use for the treatment or 

prevention of lung damage due to degenerative lung disorders caused by smoking 
and other environmental agents. For example, genes encoding superoxide 
dismutase (SOD) or catalase, as well as o-l antitrypsin, will be particularly useful 
for this purpose. These gene sequences are known. See, e.g., Long er at, 

25 Biochem, (1984) 21:4828-4837 for the a-1 antitrypsin gene sequence. For the 

treatment of genetic murders, such as cystic fibrosis and emphysema, functional 
genes, corresponding to genes known to be deficient in the particular disorder, can 
be administered to the subject. For example, it is known that individuals lacking 
sufficient levels of a-1 antitrypsin are prone to emphysema and other pulmonary 

30 disorders. Thus, this gene can be administered prophylactically, as well as in 

response to clinical manifestations of the disease, for both the prevention and/or 
treatment of this disorder. Similarly, the gene involved in cystic fibrosis has been 
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identified. Goodfellow, P., Nature (1989) Ml: 102-103; Rommens, et al r Science 
(1989) 245:1059-1054; Beardsley, et "«?., Sci. Am. (1989) 2£l:28-30. Thus, this 
gene, or fragments which encode a biologically active expression product, can be 
delivered to a mammalian host suffering from this disorder. 
5 The invention also finds use for the delivery of substances into the 

systematic circulation via the lung. For example, as explained above, a number of 
substances, such as cytokines, are toxic when administered using conventional 
methods of delivery. See, e.g., Debs ef o/ M /. Immunol (1988) 140:3482-3488. 
The invention allows the delivery of these substances for example, to treat cancer, 

10 as well as bacterial and viral infections, systemically. This approach already has 

shown promise for the treatmrat of extra-pulmonary cancer in humans. 

The instant methods also find use in antisense therapy, for the 
delivery of oligonucleotides able to hybridize to specific complementary 
sequences, thereby inWbiting the transqiption and/o of these 

15 sequences. Thus, DNA or RNA coding for proteins necessary for the progress of 

a particular disease, can be targeted, thereby disrupting the disease process. For a 
review of antisense therapy and oligonucleotides useful in the same, s^, Uhlmann, 
E; and Peyman, A., C^m. ifev. (1990) 20:543-584. 

The following examples are provided for illustrative purposes only 

20 and are hot intended to limit the scope of the present invention. 

v. ■ : - EXAMPLES \ 

The practice of the present w unless otherwise 

indicated, conventional techniques of cell culture, molecular biology, 

25 microbiology, recombinant DNA, and immunology, which are within the skill of 

the art. Such techniques are explained fully in the literature. See, e. g. . 
Sambrdok, et aL , Molecular Cloning: A Laboratory Manual, Second Edition 
(1989) Vols, 1-3; DNA Cloning (1985) Vols. I and H, D.N. Glover (ed.); Nucleic 
Acid Hybridization (1984), B.D. Hames, et al. , (eds.); Perbal, B., A Practical 

30 Guide to Molecular Cloning (1984); Methods in Enzymology (the series), 

Academic Press, inc.; Vectors: A Survey of Molecular Cloning Vectors and Their 
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Uses (1987), R.L. Rodriguez, et al. , (eds), Butterworths; and Milier; J.H:, ex al. , 
Experiments in Molecular Genetics (1972) Cold Spring Harbor Laboratory. 

Up to 48 mice may be placed in the chamber at one time. The 
amount of the total amount of DNA-lipid carrier complex placed in the nebulizer 
5 that is delivered to the lungs of each mouse is approximately 0.02% . 

EsampisJ • ^ 

Ifrpre^nn of ^Inramphenicol p^tvlfraiwferase. (CAT) gene, in rodent longs 
following aerosolized delivery nf linid carrier-nneleic acid complexes. 

10 TheHpid carriers used were plasmid pRSV-CAT, as described by 

Gonhari, etaL,Proc. Natl. Acad. Sci. USA (1982)72:6777-6781; and Juang, and 
Gorman, Mol. CeU. Bw/. (1990) 1Q: 1805-1810; a plasmid containing the CAT 
gene driven by the RSV long terminal repeat; and plasmid pRSV-0-gal, as 
described by Haanski etal.,Am.J. Respir. CeU Mol Biol. (1991)4:206-209. 

15 The pRSV-CAT plasmid was complexed to liposomes and 

aojninistered to 25 gram female BALB/c mice as follows. Two mg of pRSV-CAT 
was mixed with 4 pmoles of DOTMA (GTBCO BRL, Grand Island, 
NY)/cholesterol (2:1) small miilamellar liposomes in phosphate buffered saline and 
then nebulized in an Acorn I nebulizer (Marquest Medical Products, Inc. , 

20 Ihgiewood, CO) to groups of rats or mice in an Intox nose-only exposure chamber 

(Intox Products, Albuquerque, NM). The same procedure was followed with 0.5 
mg pRSV-CAT mixed wim 1.0 ^ol DOTMA-cholesterol (2:1), as well as 2.0 
K mg pRSV-CAT alone. Two to five days later, animals were sacrificed and lungs 
collected. Lungs were also collected front untreated controls. The lungs were 

25 homogenized and cells disrupted with three freeze-thaw cycles. CAT activity in 

aliquots from the lung extracts was measured using a standard assay as described 
^y Wolff, crc/. , Science (1990) 2i7:1465-1468. As can be seen in Figure 1, 
animals adrhmitfered 2.0 mg RSV-CAT with 4.0 /xmol DOTMA/cholesterol (2:1) 
expressed the CAT protein in the lungs while the control animals as well as 

30 animals receiving aerosolized RSV-CAT DNA alone, or lower doses of RSV- 

CAT:DOTMA:chol complexes did not. A similar procedure was followed with 
respect to pRSV-/8-gal, with the exception that 50 mg of pRSV-0-gal was mixed 
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with 50 fimoies of DOTMA/cholestexol (2:1). The presence of 0-gal activity was 
determined using a standard faistochemical staining procedure. jS-gal activity was 
present in the airway epithelial cells of exposed rats. 

Also tested was a plasmid containing the CAT gene driven by the 
5 CMV promoter. This plasmid was made as described in Huang, M.T.F. and 

Gorman, CM. Nuc. Acids Res. (1990) 15:937-947, with the exception that a 
CMV promoter and a hybrid intron sequence were used rather than the SV40 
promoter in the plasmid pML.LCAT, described therein. Briefly, the CAT lipid 
carrier was constructed by first making a pML-based plasmid containing the CMV 

10 promoter immediately followed by a portion of the S'-untranslated leader from the 

adenovirus-major late (AML) region, this region contained all but the first 13 
nucleotides of the first exon of the tripartite leader plus a portion of an intervening 
sequence (TVS) from the AML region. A synthetic oligonucleotide was inserted 
which merged with the adenovirus intron to provide a functional splice acceptor 

15 sequence derived from an IgG variable region. Bothwell, ei al.\ Cell (1981) 

24:625-637. This plasmid was then cut at two restriction sites bordering the intron 
(Ctal and PstI) to remove a 292 bp fragment. A matching synthetic 
oligonucleotide linker was inserted. The plasmid was termed pCIS-CAT. 

To test for expression of the CAT gene using pCIS CAT, 12 mg 

20 pCIS-CAT was mixed with 24 /xmoles of DOTMA/DOPE (1:1). Female ICR 

mice were placed in three different aerosol receiving chambers. All mice received 
the same amount of the CAT expression plasmid complexed to liposomes, as 
described above. Animals 1-3 were exposed to the aerosol in an Intox designed 
aerosol chamber. Animals 4-7 were exposed to the aerosol in a modified rat cage 

25 containing dividers for individual mice. Animals 8-10 were placed in a smaller, 

similarly modified mouse cage after being put in the restrained used in the Intox 
chamber. 48 hours following aerosqlization, the animals were sacrificed and 
whole lungs assayed for CAT expression using the chromatographic CAT assay. 
As can be seen in Figure 2, a single aerosol dose of a CAT gene-expression 

30 plasmid complexed to cationic liposomes can produce high-level transgene 

expression in the lungs of mice. Significant levels of transgene repression are 
present in the lungs of all 7 mice (numbers 1-3 and 8-10) which were exposed to 
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the aerosol mist in Ihtox nose-only exposure tubes which were constructed to 
ma-rimirft the amount of aerosol that the mice inhaled. The amount of variation 
seen here is comparable to that seen in other aerosol experiments and may have 
several explanations, including variations in exposure to the aerosol mist, 
5 individual variations in efficiency of nasal filtration, etc. 

Tem ple II 

A^ncnl administration of f!MV-CAT cationic lipid 
carrier complexes profoyps Vg" l<»vrf. hmp specific 

10 repression of the CAT gene. 

Animak Two month old, female, ICR mice were used m an experiments. 
Preparation of nlasmid DNA . The chloramphemcpl ac^Itiansferase (CAT) 
gene was used as a reporter to measure trahsgene expression levels (Gorman et 
aL, Proc. Nat'l Acad Sa (USA) {19U) 79: 6777-6781). Theplasmid used 

15 contains the CAT gene fused to the human cytomegalovirus (CMV) immediate 

early promoter-enhancer element (pOS-CAT). The plasmid was purified using 
alkaline lysis and ammonium acetate precipitation (Sambrook etaL (1989) supra) , 
and the nucleic acid concentration measured by UV absorption at 260 nin. The 
CAT gene is not present in eukaryotie cells. Its product is an enzyme which 

20 catalyzes the transfer of acetyl groups from acetylCoA to the substrate 

'. chloramphenicol. 

Preparation of cationic liposomes. Liposomes were prepared as small 
unilamellar vesicles (approximately 100 nm in diameter) containing the cationic 
lipid DOTMA as DOTMA:DOPE (1:1 mole ratio). DOTMA is (N[l-2,3- 

25 dioleyloxy)propyl]-N,N,N-triemylammonium (Synfex Corporation), and DOPE is 

the neutral lipid dioleoyiphosphatidylethanolamine (Ayanti. Polar Lipids). Stock 
solutions of the lipids were dissolved in chloroform and stored under argon at- 
20°C. lipids Were mixed in a round-bottomed flask and evaporated to dryness on 
a rotary evaporator under reduced pressure. Double^distilled water was added to 

30 produce final lipid concentrations of lOmM each, and the resulting mix was 

sonicated for approximately 20 minutes in a bath sohicator (Laboratory Supplies, 
Hicksvflle, NY). The liposomes were stored under argon at 4°C until use. 
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Aerosol delivery of p lagmi d/liposome complexes to mice . Twelve mg of 
plasmid complexed to 24 /xmols of DOTMA:DOPE (1:1 ipqle ratio) liposomes was 
aerosolized and administered to mice over two different aerosol periods on the 
same day. In order to prevent aggregation and precipitation of the oppositely 
5 charged components, the plasmid and the liposomes were diluted separately in 

sterile water prior to mixing. Six mg of plasmid DNA and 12 /*mols of 
DOTMAiDOPE (1:1 mole ratio) liposomes were each diluted to 8 ml with water 
and mixed; Four ml was then placed into each of two Acorn I nebulizers 
(Marquest, Engiewood, CO), the animals placed into an Intox small animal 
10 exposure chamber (Albuquerque, NM), and an air flow rate of 4 L min" 1 used to 

generate the aerosol. Approximately 90 minutes were required to aerosolize 4 ml. 
The animals were removed from the chamber for 1-2 hours and then the above 
procedure was repeated with a second 4 ml dose. 

Radiometric Assay of CAT Activity . Organs were dissected from animals 

15 sacrificed in a C02 chamber at periods from 1 to 21 days f 6U0 wing aerpsolization, 

washed in cold phosphate buffered saline (PBS), and homogenized using a hand- 
held tissue homogenizer in 250 mM Tris-HCl, pH. 7.5, containing 5 mM EDTA 
for lungs ^ containing 5 mM EDTA 

plus the protease inhibitors aprotinin, E-64, and leupeptic (Boehringer Mannheim) 

20 for liver, heart and kidneys. The inhibitors prevent degradation of acetylated 

chloramphenicol species generated during the assay, thereby allowing optimal 
detection of CAT expression. 

; F homogenization of the tissue, cells were lysed by three 

freeze/thaw cydes, the lysate heated (65 °C for 10 minutes), and centrifugated 

25 (16,000 x g, 2 minutes). The protein concentrations of the extracts were measured 

using a Coomassie blue-based assay (Bio-Rad). Protein concentrations were 
; normalized and a volume of extract added to 10 pi of 100 mM acetylCoA (Sigma), 
0.3 pCi of [ 14 C]-labelled chloramphenicol (Amersham), and distilled water to a 
final volume of 180 pi, and allowed to react at 37°C for 8-10 hours (Gorman et 

30 al. (1982) sues). Following the reaction, the acetylated and unacetylated 

chloramphenicol species were extracted with cold ethyl acetate, spotted on silica 
TLC plates, and developed with a chloroformrmethanol (95:5v/v) solvent; The 
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TLC plates were exposed to photographic film (Kodak X-OMAT) for one to three 
days, then evaluated by visual inspection. 

Preparation of flennmic DNA »nd Soutb ^ W^i 18 ^" 11 Immediately 
fdlowing aerosolization, mice were sacrificed and their lungs removed. Genomic 
5 DNA was isolated and analyzed by Southern hybridization (Sambrook ef al. (1989) 

supnrt using a Hybond N + membrane (Amersham). A CAT probe was prepared 
from a 1.6 kb fragment of the CAT gene labelled with a-^dATP by random 
priming, which yielded a probe with an appiojdmate specMc activity of 2 x 
10 9 dpm//ig. After hybridization, the membrane was washed three times in 2xSSC, 

10 0.1%SDS at 65°C for 20 minutes and exposed to film for 24 hours. In order to 

determine the approximate transfected CAT gene copy number, blots were also 
hybridized with a 1.1 kb BSU 36-1 single copy probe from a mouse factor vm-A 
genomic clone (Levinson et al., Genomics (1992) 13: 862-865). Relative amounts 
of the CAT plasmid deposited in individual mouse lungs were quantitated by 

15 phosphorimagining analysis using a Molecular dynamics 400A phosphorimagmer 

(Johnson et al., Electrophoresis (1990) 11: 355-360). The amount of retained 
probe in each lane foUowing hybridization with the CAT probe was normalized to 
the amount of DNA loaded per lane using the counts measured after hybridization 
with a Factor ^ VHI-A smgle copy probe. 

20 Tti at,, Tmtnnnnrhemical staining for CAT enzyme. At selected time points 

following aerosolization, mice were sacrificed and their lungs immediately 
removed. The lungs were slowly inflated with phosphate buffered saline (PBS) 
conuiining 33% by volume OCT (Miles, Inc.), placed in a tissue cassette filled 
with OCT, and frozen in 2-methylbutane chilled in a dry ice/ethanol bath. 

25 Gyosections were cut at 5 pm and collected onto salinized slides. CAT was 

detected after fixation of cryosections for 10 minutes in either 4% acetone or 2% 

^ " paiafi^^ 

dilutions and washes were also done in PBST. 

Following fixation, sections were washed three times (5 minutes 
30 each) then covered with 10% normal rabbit serum for 10 lninutes at 20°C. The 

serum was replaced with diluted (1:500) rabbit polyclonal antibody against CAT 
(Drs. Parker Antin and David Standring, TJCSF Medical Center). The antibody 
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covered section was gently overlaid with a siliconized coverslip and incubated in a 
humid chamber at 4°C for 24 hours. Slides were then warmed to 20°C and 
washed three times. The presence of bound rabbit antibody against CAT was 
detected by covering sections wth biotin 
5 antibody (Vector Laboratories) diluted 1:300 for 1 hour, followed by washing (3 x 

10 minutes) and replacement with strq>tavidin labelled with alkaline phosphatase 
(Zymed, South San Francisco) for 20 minutes. Immobilized alkaline phosphatase 
was detected using AP-red (Zymed) as the chromogen, with endogenous alkaline 
phosphatase being inhibited with levamisole (Zymed). To control for potential 

10 spurious adherence of the streptavidin conjugate to bronchiolar epithelium, some 

sections were treated with free avidin and biotin prior to application of the primary 
antibody. Other controls, run concurrently, included the use of normal rabbit 
serum in place of primary antibody and the use of lung tissue from untreated mice. 
Photo-microscopy was performed using Kodak Ektachrome 64T film X50 (Fig. 6 

15 A,D) and X250 (Fig. 6 B,C,E,F). ^ 

Results 

Initially, mice were exposed either to an aerosol generated from a 
solution containing 12 mg of a CMV-CAT expression plasmid alone or to an 
aerosol generated from a solution containing 12 mg of CMV-CAT coinplexed to 
24 itmoles of DOTMA:DOPE (1:1) liposomes* Aerosols were administered to 
animals after they were placed individually in nose-out cones and inserted into an 
Intox small animal exposure chamber. The mice showed no apparent ill effects or 
respiratory distress either during or after aerosol exposure. Figure 7 shows the 
results of CAT assays from extracts of the lungs of mice sacrificed 72 hours 
following aerosol administration. Significant CAT gene expression was seen only 
in mice exposed to aerosolized DNA/Uposome complexes. 

How long CAT protein was present in the lungs of mice and 
whether expression of the reporter gene was limited to the lung was also 
investigated. Despite inter-animal variation, high levels of CAT activity are 
present f r at least 2i days following a single aerosol dose of DNA/liposome 
complexes (Fig. 8A). No CAT activity was detectable in extracts from the heart, 
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spleen, kidneys or liver of animals that showed high level expression in the lung 
(Fig. 8B), suggesting that transgene expression following aerosol delivery is 
restricted to the lung. This is consistent with prior observations showing that 
penetration of very high molecular weight substances through the respiratory 
5 epithelium of normal animals is very limited. Plasmid DNA/liposome complexes 

have molecular weights greater than 10 6 daltons. 

Although the small ammal exposure chamber used in these 
experiments is designed to efficiently deliver a uniform aerosol dose to up to 48 
animals, we have observed significant variations in the level of CAT activity in the 

10 lungs of mice within a single experiment. One possible explanation for this 

variability is that the amount of DNA/liposome complex deposited in the lungs of 
mice is not uniform. In order to test this hypothesis, initial lung deposition of 
liposomes was measured using fluorescence analysis and initial lung deposition of 
DMA was measured using Southern blot analysis; 

15 Aerosolized cationic liposomes alone or DNA/liposome alone or 

DNA/liposome complexes containing 0.5 mole percent of a fluorescentiy labelled 
lipid, ijiod^mme-phosphatidylemanpiamine, were administered to mice* 
Immediately following aerosolization, the animals were sacrificed and their lungs 
removed, homogenized and rhodamine fluorescence measured using a fluorimeter. 

20 The recovered fluorescence per animal was 0.06% ± 0.02 (S.D.) of the total 

amount aerosolized. This suggests that less than 10 jig out of the 12 mg of DNA 
aerosolized per experiment was actually deposited in the lung. Li addition, there 
was no significant difference in upid deposition between animals receiving 
liposomes alone and those receiving the DNA/liposomes complexes. Since it is 

25 possible mat a disruption of the complex could have occurred during nebulization, 

the amount of CAT gene deposited during aerosolization (Fig.9) was also assessed. 
Immediately following aerosol delivery of DNA/liposome complexes, mice were 
sacrificed and total lung DNA prepared. Southern blots were probed with ctf*P]- 
labelled CAT gene. Labelled bands were scanned and demonstrated less than a 4- 

30 fold difference in plasmid deposmon between am^nals to 

(Fig. 9). These results suggest that the mouse to mouse variation in CAT gene 
levels following aerosol delivery (up to ten-fold) is not only a function of the 
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amount of complex initially deposited in the lung, but also may reflect differences 
in the site of uptake, rate of lung clearance, and/or variation in the ability of 
different lung cell types to express the toansgene. 

To determine the types and percentage of lung cells which were 
5 traosfectri.i^ sacrificed 72 hours following exposure to an 

aerosol containing DNA/liposome complexes were cryosectioned, probed with a 
polyclonal anti-CAT antibody and counterstained to detect intracellular CAT 
protein (Fig. 6) Lung sections taken from DNA/liposome treated mice had a 
diffuse immunostaining pattern involving bronchiolar and alveolar components, 

10 The bronchiolar epithelial cytoplasm stained with greatest intensity and uniformity. 

CAT antigen was detected (as demonstrated by red staining) in nearly all 
conducting airways with only rare individual or 2-3 cell clusters not staining 
(Fig. 6 A,B). The diffuse alveolar pattern was due to moderately intense staining 
of the majority of alveolar lining cells (Fig. 6C). These areas occasionally faded 

15 into small, randomly scattered regions where lining cell staining was faint. Focal, 

m 

alveolar lining cells (Fig. 6C) . Controls included substitution of the primary 
antibody with normal nrt>bit serum (Fig. 6D) arid use of lung sections from 
untreated animals (Fig. 6 E,F). Immimostaining was not ^ detectable iii either of 
20 the control preparations. Examination of multiple sections of lung from treated 

and control mice demonstrated no significant lesions which would indicate adverse 
effects of the aerosol treatment. 

.. Exam^gTS , , . 
25 TTigh W l airway expression of the human CFTR 

gene in mouse hires after aerosol pdministratinn of 
DDAB:cholesterol Bpbsom e-pZN32 complexes 

Animals 

30 Two months old, female, ICR mice obtained from Simonsen, 

Gilroy, CA, were used, 
Pre paration of plasinid DNA . 
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The plasmid liposome used, pZN32, contains the human CFTR gene 
coding region fused to the human cytomegalovirus immediate early promoter- 
enhancer element shown in Figures 3-5 attached hereto. A full restriction map of 
the immediate early enhancer and promoter region of HCMV (Towne) and HCMV 
5 (AD169) is provided in Figs. 11A and 11C. The two sequences are compared in 

Fig. 11B. pZN32 was purified using alkaline lysis and ammonium acetate 
precipitation, and the nucleic acid concentration measured by UV absorption at 

: 260 nm. 

Preparation of ratinnic lipid carriers. 

10 lipid carriers were prepared as small unilamellar vesicles 

(approximately 100 nm in diameter) containing the canonic lipid pi) AB (dimethyl 
dioctadecyl aniinohium bromide) as DDAB cholesterol in a 1:1 molar ratio. 
DI)AB was purchased from Sigma, St. Louis, MO, and cholesterol was purchased 
from CalBioChem, San Diego, CA. Stock solutions of me lipids were dissolved 

15 in chloroform. Lipids were mixed in a round-bottomed flask and evaporated to 

dryness on a rotary evaporator under reduced pressure. Double distilled water 
was added to produce final lipid concentrations of 10 mM each, and the resulting 
mix was sonicated for approximately 20 minutes in a bath sonicator (Laboratory 
Supplies, Hicksvffle, NY). 

20 Aerosol deV ^T "f plg^id/lipid carrier complexes to mice. 

Twelve mg of pZN32 complexed to 24 pmols of DDABrcholesterol 
(1:1 mole ratio) liposomes was aerosolized over two different aerosol periods on 
the same day. To prevent aggregation and precipitation of the oppositely charged 
components, the liposomes and DNA were diluted separately in sterile water prior 

25 to mixing. Six mg of plasmid DNA and 12 /imOls of DDAB: cholesterol (1:1 mole 

ratio) liposomes were each diluted to 8 ml with water and mixed. Four ml of the 
DNA-iiposome rmxture was then placed into two Acorn I nebulizers (Marquest, 
Englewbod, CO), and the ammals placed in an Intox small animal exposure 
chamber (Albuquerque, NM). An air flow rate of 4 L min 4 was used to generate 

30 the aerosoL Ninety minutes were required to aerosolize this volume (4 ml) of 

DNA-Eposomeiriixtare. The ammals were removed from the chamber for 1-2 
hours and then the above procedure was rer«ated with a second 4 ml dose. 
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TwimiiiinhKtiy hoiiiipal fining for thelimnnn f?TTR nrotein in ni use lungs 

At selected time points following aerosolization, mice were 
sacrificed and their lungs immediately removed. The lungs were slowly inflated 
with phosphate buffered saline (PBS) containing 3.3% by volume OCT (Miles, 

5 Lie), then placed in a tissue cassette rilled with OCT, and frozen in 2- 

methylbutane chilled in a dry ice/ethanol bath. Cryosections were cut at 5 fim and 
collected onto piaitniMH slides. CTTR protein was detected after fixation of 
cryosections for 10 minutes in either 4% acetone or 2% paraformaldehyde in PBS 
containing 0.1 % Tween 20 (PBST). All subsequent dilutions and washes were 

10 done in PBST. Following fixation, sections were washed three times (5 minutes 
each) with PBST then covered with 10% normal rabbit serum for 10 minutes at 
20 o C. Immunolocalization of CFTR was then performed using an affinity purified 
rabbit polyclonal anti-CFTR antibody, d-1468, provided by Dr. Jonathan Cohn, 
Duke University. The serum was replaced with a-4468, diluted (1:1000). The 

15 antibody-covered section was gently overlaid with a siliconized coverslip and 

incubated in a humid chamber at 4°C for 24 hours. Slides were men warmed to 
20°C and washed three times. The presence of bound rabbit antibody against 
CFTR was detected by covering sections with biotinylated, affinity-purified, goat 
anti-rabbit antibody (Lipid carrier Laboratories), diluted 1:300 for 1 hour, 

20 followed by washing (3 x 10 minutes) and replacement with streptavidin labelled 

with alkaline phosphatase (Zymed, South San Francisco) for 20 minutes. 
Immobilized alkaline phosphatase was detected using AP-red (Zymed) as the 
chromogen; endogenous alkaline phosphatase was inhibited with levamisole : 
(Zymed). Other controls, run concurrently, included the use of normal rabbit 

25 serum in place of primary antibody and the use of lung tissue from untreated mice. 

Photo-microscopy was performed using Kodak Ektachrome 64T film at X50 and 

X250. , . . 

• ' Results. 

30 Photomicrographs of frozeh sections (viewed at different 

magnifications) of mouse lung 48 hours following aerosol exposure to pZN32- 
DDAB:cholesterol 1:1 mole ratio liposome complexes and lung from untreated 
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control are shown in Figs. 10A-10E. As demonstrated by the intense staining with 
the polyclonal anti-CFTR antibody, a-1468, the overwhelming majority of the 
airways were transfected with the human CFTR gene. See Figs. 10A, IOC and 
10E By visual inspection, essentially all the cells in transfected airways stain 
5 positively, demonstrating that the ovefwhelming majority of airway cells are 

transfected with the human CFTR gene m ww with a single aerosol dose of 
pZN32 complexed to DD AB-cholesteroi 1:1 mole ratio liposomes. Representative 
sections are shown in Figure 10. There was no histologic evidence of lung 
damage, inflammation or edema present in any of the pZN32-DDAB:cholesterol- 

10 1:1 mole ratio Iiposome-treated animals. pZN32-DDAB:cholesterol-l:l mole ratio 

Kposome-treated and control animals could not be distinguished histologically. 
Significant expression of the human CFTR gene is present in at least 50% of all 
the airways and at least 50% of all of the airway lining cells (by visual inspection) 
in mouse lungs for at least 60 days following a single aerosol dose of pZN32 

15 complexed to DDAB-chOlesterol 1: 1 mole ratio liposomes. Frozen sections of 

mouse lungs from control animals (Figs. lOBand 10D)do not show any detectable 
staining for CFTR, confirmiiig that all the CFTR expression present in Fig. 10A, 
IOC and 10E is due to transection of lung cells with the human CFTR gene. 

20- Example IV 

Efficient transfection of a variety of human lung cancer 
cell lines using cationic lipnsome-mediated deliv ery of DNA. 

Method: 

Cell Culture : NC1-H69. NQ-H82, and NCI-H520. H69 and H520 cells were 
25 grown in RPMI-1640 with 10% fetal bovine serum (FBS) and H82 cells were 

grown in Dulbecco's minimum essential medium (DME)-H21 with 10% FBS. 
liposome preparation: Liposomes were prepared as follows: a total of 4 /tmoles 
of lipid dissolved in chloroform, (or in ethanol (DOTMA)) were evaporated to 
dryness on a rotary evaporator. One ml of 50 mM Tris, 0.5 mM EDTA, 50 mM 
30 NaQ, 100 mM ZnCl 2 buffer per 20 mmoles f lipid was added, and the mixture 

was sonicated in a bath sonicator (Laboratory Supply Co., Hicksville, NY) for 20 
min. The resulting liposomes nave an approximate mean diameter of 100 ± 25 
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nm. The following liposome preparations were used: pure DOTMA, 
DOTMAxhol in a 2 to 1 molar ratio, pure L-PE or L-PE:ch6l-b-ala in a 6 to 4 

! v ' . molar ratio. 

Cellular transfection: For transfection of cells, 2 x 10 6 cells in 4 ml of serum-free 
5 medium were platei in 100 mm plastic petri dishes (Falcon, Oxnard, CA). The 

plasmid DNA-liposome complex was prepared by first adding 1) DNA and then 
2), liposomes and mixing gently. The complex was then suspended in 1 ml of 
serum-free medium and added to the cells. Four hours later, the cells were 
washed twice, resuspended in 10 ml of serum^ttntaining medium, and 
10 subsequently haivested, either 44 hours later. Just prior to harvesting, the cells 

were washed 2 times, and the plates were then scraped with a rubber policeman. 
The cells were centrifugated at 1 ,000 x g for 5 nun, and 0:135 ml of 0.25 M Tris 
buffer was added to each pellet The cells were freeze-thawed 3x, heated at 65°C 

! for 10 min, and spun at 12,500 x g for 10 min. The supernatant was assayed for 

I 15 protein ahd 20 jig of supernatot protein per sam 

I activity, as describal above. 

Results : The ability of cationic liposomes to mediate transfection of two different 
human small cell lung cancer lines (H-69 and H-82) and a squamous ceil lung 
cancer line (H-520) was assessed. All three lines were very efficiently transfected 

i 20 by RSV GAT when complexed to 3 different cationic liposome formulations. 

These human cell lines were either as or more efficiently transfected than rodent 

i cell lines transfected under comparable conditions. 
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As shown by the above results, a single aerosol dose of an expression 
liposome, containing a gene of interest, complexed to cationic liposomes transfects 
the majority of the cells lining both the conducting airways and the alveoli of the 
lung, the gene product is present in the lung for at least 6^ da^ys, the expression 
5 appears to be iuhg-specific, and there is ho histological evidence of damage 

foUowing exposure. Thus, the aerosolized cationic liposomes mediate efficient 
trahsfection of non-dividing as well as dividing cells. This is important because 
many airway epithelial cells are well differentiated and divide slowly or not at all. 
The lipid carriers appear to be both well tolerated and nbn-immunogenic. 
10 Additionally, the effects of repeated aerosol adnunistration of the DNA/liposome 

complexes is effective and is non-toxic. The cationic Hposome-mediated DNA 
delivery by aerosol provides high level, lung-specific transgene expression in vivo. 

All publications and patent applications are herein incorporated by 
reference to the same extent as if each mdividual publication or patent application 
15 was specifically and mdividually indicated to be incprpoiated by reference. 

The invention now being fully described, it will be apparent to one 
of ordinary skill in the art that many changes and modifications can be made 
thereto wimout departmg frbm the spirit or scope of the appended claims. 
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WHAT IS CL ATMKD TS 

1. A composition comprising: 

a nebulized transfection agent, prepared by nebulizing a mixture comprising 
complexes between transcription cassettes or expression cassettes and cationic lipid 
5 earners in a pharmaceutical^ acceptable carrier or diluent, wherein said mixture is 

substantially free of macroaggregates of said complexes and wherein said 
transition cassettes or expression cassettes comprise a DNA sequence capable 
of producing a transcription product in a mammalian cell transfected by said 
nebulized transfection agent. 
10 ■ : / ' ■ 

2 r The composition according to Claim 1, wherein said DNA sequence 
comprises an inducible prompter. 

3; The composition according to Claim 2, wherein said inducible promoter 
15 is a cell specific promoter, a tissue specific promoter or a hormone responsive 

promoter. 

4/ The composition according to^ 2, wherein said DNA sequence 
comprises an SV40 enhancer element whereby transcription from said promoter is 
20 enhanced. 

5. The composition according to any one of claims 1 to 4, wherein said 
^ comprises a lipid selected from the group consisting of N[l- 
2,3^deyloxy)propyl]-N^ dimethyl dioctadecyl 

25 ammoiuum bromide 

(DOTAP); lysinylphosphatidyl-^thanolamine (L-PE); 
distearoylphosphatidylethanolamine (DOPE); and cholesterol (Choi). 

6. The composition according to any one of Claims 1 to 4, wherein 

30 said cationic lipid carrier comprises cholesterol and a lipid selected from the group 

consisting of ^ 

dimethyldioctadecylammoniumbromide (DDAB); l,2-dioleoyloxy-3- 
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(trimewylanimonio)propane (DOTAP); and lysinylphbsphatidyl-ethanolamirie (Lr 
PE). ' 

7. The composition according to any one df Claims 1 to 4, wherein said 
cationic lipid carrier comprises distearoyl-pnosphatidyl and 
a lipid selected from the group consisting of N[l-2,3-dioleyloxy)propyl]-N,N,N- 
tiiethylanimoniuni (DOTMA); dimemyldioctadecylanlmoniiimibro (DDAB); 
l,2-di6Ieoyloxy-3-(trimethylaimnonio)pro and lysinylphosphatidyl- 
ethanolarrine (L-PE). 

8. : The composition according to any one of Claims 1-7, for use in a 
method of treatment or therapy of the human or animal body. 

9. The composition for use according to Claim 8 in a method of inhibiting 
15 growth of tumor cells in z maniinal. 

10. The composition for use according to Claim 8, in a method of 
providing or ennancing production of a polypeptide in cells in lungs of a mammal. 

20 '. ' 

11. The composition for use according to Claim 10, wherein said cells are 
distal airway cells or proximal airway cells. 

12. The composition for use a^rdnig to Claim 10, wherein said cells are 
25 tracheal cells. 

13. The composition for use according to any one of Claims 10 to 12, 
wherein said cells are normal cells. 



30 



14. The use of a compound as defined in any one of claims 1 to 7 for the 
manufacture of a medicament for the treament of the human or animal body. 
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15. The composition according to any ne of Claims 1 to 4, 

wherein said transcription cassettes or expression cassettes and said cationic 
lipid carriers are present in said mature in a ratio in the range of from about 4:1 
to about 1:10 micrograms DNA to nanombles of cationic lipid. 

16. The composition according to any one of Claims 1 to 4, wherein said 
cationic lipid carriers are small unilamellar vesicles. 

17. The composition according to Claim 16, wherein said small 

10 unilamellar vesicles comprise (a) distearoyl^phosphatidylethanolamine (DOPE) and 

N[l-2,3^oleyloxy)propy (b) 
dimethyldioctadecyl-ammoniumbromide (DDAB) and cholesterol. 

18. The composition according to any one of Claims 1 to 4, wherein said 
15 transcription cassettes or expression cassettes and said cationic lipid carriers are 

present in said mixture in a ratio in the range of from about 1:1 to 1:2 micrograms 
DNA to nanomoles of cationic lipid. 

19. A composition for use according to Claim 8 in a method of altering 
20 - the phenotype of cells of a lung of a maminal. 

•.:.v^v'\<"'.A-:^20..^ A kit for use in a method of treatment qr therapy according to any one 
of Claims 8 to 14, said kit comprising in combination: 
a container containing said transtiption cassettes or expression cassettes; 
25 another ^ specific amount of cationic lipid carriers; and 

' instructions. •-• . V 
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CI i lf):.|>u i>~<~*+ adl69hcnv {930 bases)*~**+>u 930>| 
C2 ( 1£): |>u l>r*w hsSmiei (616 bases )~~~>u 616>l 

•*• Alignment of first sequence with all others displayed 
Key: 

UPPER CASE s aligned nan- identical bases 
lower case = unaligned bases 

_ B aligned identical bases 

— = gap 

adl69harv : AATOATATnXSCCArr^ 

hsSmiei : 

adl69hasv : TATTGGCCATTCCATACG^ 
hs ^itu el i. *•••*••••<•••*••••■••••• ••■..«.*...... •*•»••».«.. 

... adl69hanv : CCA^TIAQiG^ 

hsSmiei #• • • • •.«•••• ■••*•*■•*•• ••••• ■ ••»••»«».....,.. . • » ■» « 

adl69hanv : QGGTCATTAGTTCATAtXCCATATATO^ 
hsSmiei , i • ».• • • .»•••• • . . . . • •*.».4*.... ; 

" adl69hOT\r :- CCCKXTOCTrGACCGCCCAW 

hsSmiei : ..... .— — . — — -— -o— --™<5™— 

adjW|haw : ATACTAACGCCAATAGGGAC^ 

adI69bcnv : GCCCJiCTlt»CACT 
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hsSmiei : . -——a-*— ~ — — -- — — — -- c---- g — >— 

adl6|hcnv : TQGCACTACATCTACCTW 

ad^9hw : ATC^TXXJGWTO 

adl69hcnv : CTCAATQg^mV^^^ 
hsSmiei : — — — ■ — • — — — — — -.7 — ; 
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hsSmiei : 



FIGURE 11B(1) 



WO 93/12756 — PCT/US92#1008 

20/24 



iocrates 



LOCUS 

tETINITICK 
ACCESSION 
REWORDS 
SOURCE 
ORGANISM 



Rhf LKENCE 
AUTHORS 

TITLE ;.' 

JOURNAL . 
STA NDARD 
REFERENCE 
AUTHORS 

TITLE : Y.' 

JOURNAL 
STANDARD 
COMMENT 



15-SEF-1989 
enhancer. 



Fleckenstein,B. 



FEATURES 



misc^sigaal 



KS5XSE 930 bp ds-ENA VRL 

Human cytcnsgalovirua major annediate-eArly 
K03104 

major iinwdiate-early gene. 
HCHV strain AD16 9. 
Human cytcnwgaiovirus 

Viridae; da-ENA enveloped viruses; Herpesviridae;^ 
Betaherpesvirxnaei. ■-. 

1 (bases 1 to 930) • . 

Bosharr.M. / Weber .F.. Jahn,G., Dorsch-Haesl«r,K. 
and Schaifner.W. 

A very strong enhancer is located upstream of an inmediate early 
gene of human cytomegalovirus 
Cell 41, 521-530 11985); > 
full staf f_revieW . . ; 

2 (sites) 

Zhang, X.-YV, iriamdfcriN.M., Supa)car,F.C. , 1*i,K., Ehrlich,M. ar*i 
EhrlichvK.C. - 

three MDBP sites in the i nm a d ia t e-early enhancer "promoter region of 
human cytomegalovirus 
Virology 182, 865-86? (1991) 
full staff ^review 

Draft entry and printed copy of sequence in [1J were Jcindly 
provided by M. Boahart , 24-OCT-1985. 
Lpcatioh/ftialifiers 



raRNA 

BASE COUNT 
ORIGIN 

1 ' 

• .. v 61 
121 



IE enhancer region* 



214.; 620 
/note»'Ha*v 
738. .>930 

/note»*HCMV IE fflRNA* • 
233 a 228 c ^2:11 g 258 t 
12 bp uj^tream of Ball site; .750 an. 
aatcaatatt ggccattagc ca t a t tattc attogttata tagcataaat caatattggc 
tattggccat tgcatacgct gtatccatat cataatatgt acaxtcatac tggcccacgc 
ccaacattafc cgccatgttg aeaetgatta ttgactagtt attaatagta ateaattacg 
181 gggtcactag: ttcatagcbc atatatggag tt ccgcyt ta cataacttac gytaaatggc 
241 ccgcctgyct gacogcccaa cgacccccgc ccattgacgt caataatgac gtatgttccc 
301 atagtaacgc caatagggae tttccattga cgtcaatggg tggagtattt acggtaaact 
3 6 1 gcccactt gg cegtacatce agtgtatcat atgccaagta , cgccccctat tgacgtcaat 
421 gacggtaaae ggcccgcctg gcattatgce cagtacatga ccttatggga ctttcctact 
481 tggcagtaca tctabgtatt agtcatogct actaccacgg tgatgcggtt ttggcagtac 
541 atcaatgggc gtggatagcg gtttgactca cygggatttc caagtctcca : ccccattgac 
601 gtcaatggga gtttgttttg gcarrnaar caacgggset ttccaaaatg tcgtaa c aa c 
661 tccgccccat tgacgcaaat gggcggtagg cgtgtacggt gggaggtcta tataagcaga 
721 gctcgtttag cgaacpgt ca gmtcgcctgg agacgccatc cacgctgttt tgacctccat 
781 agaagacacc gwacuyat c caycc tocy c ggccgggaac ggtgcattgg aacgcggatt 
841 cc c cg t g c ca : agagcgacgt aagtaccgcc tatagagcct ataggcccac ccccttggct 
901 tcttatgcat gctataetgt ttttggcttg 



1 



FIGURE 11B(2) 



WO 93/12756 PCT/US92/11008 



2 1/24 



3/3 



LOCUS HS5K2E1 616 bp ds-ENA VRL 13-SEF-1989 

DEFINITION Human cyxaa»galovirus (Towne) major iainediace-early (IB) gene, 

ACCESSION K01484 K01Q90 

KEYWORDS major iitraediate-early gene. 

SOURCE Human cytomegalovirus (strain Towne) passed in primary, human 
. foreskin fibroblasts, ENA [1], clone pXEF22 [2]. 
ORGANISM Human cytomegalovirus 

Viridae; ds-IJNA enveloped viruses; Herpesviridae; 

. ■■_ ■ ■ Betaherpesvirinae. 

REFERENCE 1. (bases 460 to 616) 

AUTHORS Stenberg,R.M. . Thomsen.D.R. anl Stinski,M.F. 

TITLE : Structural analysis of the major imnediate early gene of human 

cytomegalovirus 
JOURNAL J. Virol. 49/ 190-199 (1984) 
STA NDARD full sta£f_reviev 
REFERENCE 2 (bases 1 to 490) 



liable your screen-to-printer option; tap RETURN 
EuGene Project: QCV report: (GehBank entry information) 
LOOTS HS5MXE1 616 bp da-CNA : VRL 



15- 



Human cytorasgalovirus (Towne) major immediate-early (IE) 



-1989 
g«». 



exon 



ACCESSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 

■ : ;;^rtTIJBy; 

JOURNAL 
STA NDARD 
REFERENCE 
AUTHORS 

: . titie ... 

JOURNAL . 
' STANDARD 
COMMENT , 
FEATURES. 



K01484 K01090 

major ianediate-early gene. 

Human cytccigalovirus (strain Towne) passed in primary human 
foreskin fibroblasts ,• INA [1], clone pXEP22 [2] . 
Human cytomegalovirus 

Viridaer ds-IKA enveloped viruses; Herpesviridae; 
Betcherpesvirinae. •• • • 

1 (bases 460 to 616) 

Stenbe*g,R.M., Thonsen.D.R. arid Stiaaki,M.F. 

Structural analysis of the major immediate early gene of h»tm»n 

cytomegalovirus • 

J. /Virol . 49 , 190-199 ( 1984 ) 

full staff _reviev 

2 .(bases 1 to 490) 

Thamwn.D.R., Stenberg, R.H. , Coins, W.F, arid Stisaki.M.P. 
Pronoter-regulatory region of the major immediate early gene of 

Proc. Natl. Acad. Sci. U.S.A. 81, 659-663 (1984) 
. full -staif.jeviiew . . 

IE region 1 gene is also Jooown as the major I 
Location/Qualifiers " 



, prinutranscript 



; intron 



BASS COUNT 
ORIGIN 

1 
61 
121 



490..><16 

/note»*major IE mRNA* 
: - v 6ii..>616 ■ 
: /note* •major IE mRNA intron x m 
144 a 163 c 162 g 145 t 
28 bp upstream of Hindi site: 0*752 map units, 
ggcgaccgcc cagcgacccc c gc cc g t tgm cgtcaatagt gaogtatgtt cccacagtaa 
cgccaatagg gactttccat tgacgtcaat ggg t gg a g c a tttacggcaa actgcecact 
tggeagtaea tcaagegtat catatgccaa gtccgccccc tattgacgtc aatgaeggta 



181 aatggcccgc ctagcatcat gcccaqtaca tgaccttacg gg a gtttcct acttggcagc 
241 acatctacgt attagtcatc gctattacca tggtgatgcg gttttggcag tacaoraatg 
301 ggcgtggata geggtttgac tcaeggggat ttccaagcct ccaccecact gaogccaatg 
361 ggagtttgtt ttggcaccae aatcaacggg aetttccaaa atgtcgtaat aaceccgcce 
421 cgttgaogca aatgggoggt aggcgtgcac ggtgggaggt ctatatagca , g agct cgttt 
481 agtgaaccgt cagatcgcct ggagacgcca tccacgctgt tttgaecxcc atagaagaca 
541 ccgggaccga tccagcctcc gcggccggga acggtgcatt ggaaogcgga ttccccgtgc. 
601 caagagtgac gtaagt 



FIGURE 11B(3) 



WO 93/12756 



PCT/US92/11008 



2 2/24 



HCMV (AD169* •> Restriction Map 



■ hie „ . . 

v *= " ::: 

-a-e I Msr : " 

. • -ai : 

.:a;i:i-.aa:r;;-. ia: ™-. a; i*'-a*;taar:aa-. atac -.agi ;a^aa: ^aiaacr^gtaar?:. 3: :^=aa 

: K - t4 

• : -s4 

-64 



'■.'■■s»a : Mir.":;-. ::; = =g - 

:3:a;;:at3^a::3-ara:;:aad-.a-.jac:;a5ij;a;5Jt5-aat;5r;5-acj«ctytad«aataactyat=aa 



:3< 



1 = 4 

17 



a- * 



3au?€ : 

I I 



at-aata3taavraa-rac W ^-cat-a(7tt:aca<?ccra-acacjga<7!:-rcj=7craci-«acttAc 7 gt«aAt 7 5^ -4: 
.aac^at;atca 9 czaai5C===a^aa:raagrar=5;ytacatacct:aawc3caatgta=C5a«cge=*ttcac-a 

' ... ■ ; . • * • -.». ■ • . • . 

2:4 2Je 

a - rF - Mat :: 

■ Aha ;: 

3atN : *ac ;: ■ Ma« :r 

?;c;5ars3ar:;5C55?trjc-j55jgc- ? 5;aact;ca?ttaitact?ca^acaagggtacsatzjC7gt;atc=cr5 

~* • ' , :39. ' .334 ' . 

' ;?7 

■ Ma« :: - 
• : • •;'Aha • . . . 'V- ' . .:• •. ' . . • : '. 

Aac :: ••• . -.Bgl Raa : • ' -/.".v W r -"• : • 

i -.1 ; - ■: ■ ; ■ 

:-tr;attyacycraacj?gz?5aytacTtac5fftaa«ct?==cac^-.jffcagtacat=aagtgtAC=acatgccaagia 400 
daaggiaaci;:ag:r4c=cac=tcataaacgccatttgacgggcg*acrgt^atgcagtccacac«gcacacggc^ra: 
' * .: * . * * 1 • i « i • . 

HI 361 3-3 388 398 

*330 

SerF : 
EcaR :i 
Batf* I 

■ - Bgi i Nia ::: . 

Ana :; s*u96 I Raa Z 

Aac Kaa :;i 9.r r 

:;r:==r;ac;5ai,.=aatgacggtaaat?gcccgc;cygcactacgcscagtac*cg*cct=atgcgaet=- rctact 480 - 
».;5?;3ataactjcagciac=3=cacizaccgggcggacsg;Aat«cjggccacgcactggaat4crc:gaa«ggac?a 

. • ' * • ' i i * - . 

■ *-2 431 450 

■ , «; * 453 

4.3 43J 456 

43- 

43? ' 
■43? 



FIGURE 1 1C(1 ) 



WO 93/12756 



PCT/US92/11008 



23/24 



KCMV aD16* *> " inctjoo Map 



* i:a - " J:r-i::i;: r;r:at: A=ra:—-. -a-.^—:- - : ;rr j;- .... 



: : ? 

Mae :: 
A.-.d :: 
Ad-. :: 



534 



353 
= 5? 



*2C 



Hga : 



653 . 



*~'2 



694 



« i 
1Q2 



■ "13 

5crF : • t ^ . , 

5au3A I Hg* I s« T " P " = 

«» : - Ah* :i Bcn - 

' . -pn B«mA r 

" I l l . . , . . . , . , , , 

-. -mi 7.so . 
" ? 4i 752 

■■■741 " ' • fS2 ' 

746 757 
746 
7 4 6 
747 



"82 
782 



791 
"92 



-»99 
-99 
"39 
"99 
739 



79-7 
'97 



792 



FIGURE 11C(2) 



WO 93/12756 



PCT/US92/11008 



24/24 

K'_'M% *DU* •> Restrtctioo Map 



3 c- : 



= s;. : 

— r : 
is* : 

• " - : :: ' ?;t : 

-5- - - =s-.v : Mae ::: ? Ja : : 

355" 55* " " 5*3 3" 

3 - 

= 

5-: • 
. 3;3 • 

313 

313 . 

3:j 



• ■ • • t • 

334 333 9C5 

334 333 90* 

537 507 
907 ■ 
908 



FIGURE 11C(3) 



INTERNATION 



Internatiorul Bureau 



: 



(51) International Paten falsification 5 : 

A61K 48/00, 9/12, 9/127, 9/133 
C12N 15/63; 15/86, 15/8& 



PLICATION PUBLISHED UNDER THE ^^^T COOPERATION trlEATY (PCT) 



A3 



(1 1) International Publication Number: 
(43) International Publication Date: 



WO 93/12756 

8 July 1 993 "(08.07.93)" 



(21) International Application Number: PCT/US92/1 1008 

(22) International Filing Date: 17 December 1992 (17.12 92) 



(30) Priority data: 

07/809,291 
07/972,135 



17 December 1991 (17.12.91) US 
5 November 1992 (05.1 1.92) US 



(71) Applicant (for all designated States except US): THE RE- 

GENTS OF THE UNIVERSITY OF CALIFORNIA 
[US/US]; 300 Lakeside Drive, 22nd Floor, Oakland, CA 
94612-3550 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : DEBS, Robert, J. [US/ 
US); 12 Eion Way, Mill Valley, CA 94941 (US). ZHU 
Ning [CN/US]; 2137 17th Avenue, San Francisco, CA 
941 16 (US). 



(74) Agent: RAE-VENTER, Barbara; Cooley Godward Castro 
Huddleson & Tatum, Five Palo Alio Square, 4th Floor 
Palo Alto, CA 94306 (US). 

(81) Designated States: AT, AU, BB, BG, BR, CA, CH, CS, 
DE, DK, ES, Fi; GB, HU, JP, KP, KR, LK, LU, MG, 
MN, MW, NL, NO, PL, RO, RU, SD, SE, US, Euro- 
pean patent (AT, BE, CH, DE, DK, ES, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With inieniauonal search report. 

(88) Date of publication of the international search report: 

1st September 1994 (01,09 94 



(54) Title: TRANS FECTION OF LUNG VIA AEROSOLIZED TRANSGENE DELIVERY 
(57) Abstract 

Methods and compositions for producing a mammal capable of expressing an exogenously supplied gene in cells of the 
airway are disclosed. Li pi d carrier- nucleic acid complexes are prepared then delivered via aerosol to the lung airway The inven- 
tion provides a direct method for transforming pulmonary cells as a means for treating disorders of the lung as for providing a 
means for delivering substances systematically following expression in the lung . * 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT . 


Austria 


CB 


AU 


Australia 


GE 


BB 


Barbados 


CN 


BE 


Belgium 


CR 


BF 


Burkina Faso 


HU 


BC 


Bulgaria 


IE 


BJ 


Benin 


IT 


BR 


Brazil 


JP 


BV 


Belarus 


KE 


CA 


Canada . 


KG 


CF 


Central African Republic 


KP 


CC 


Congo : 


KR 


CH 


■ Switzerland 


CI 


Cole d'l voire 


KZ 


CM 


Cameroon 


LI 


CN 


China 


LK 


CS 


Czechoslovakia 


LU 


CZ 


Czech Republic 


tv 


DE 


Germany 


MC 


DK 


Denmark . 


MO 


ES 


Spain 


MC 


Fl 


Finland 


ML 


FR 


France 


MN 


GA 


Gabon 





United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kyrgysun 

Democratic People's Republic 
of Korea 

Republic or Korea 

Kazakhstan 

Liechtenstein 

Sri Lanka 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

Mali 

Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway . 


N2 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SO 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TC 


Togo 


TJ 


: Tajikistan 


TT 


Trinidad, and Tobago 


UA 


Ukraine 


US 


United States of America 


uz . 


. U/nekistan 


VN 


Viet Nam 




PCT/US92U1008 



A- CLASSanCATMUOP SUBJECT MATTER " ' ~ 

JSf : t££? V 9P 2 ' 9n27 ' »'» 3 * C12N 15/63. 15/86. 15/88 
a ^ ^»»; «a^50. 43; 435/172.3. 320 1; 935/34. 36. 62. 55. 56 57 
. ' * ^WteBd Pucat C hwificition (IPC) or to both nation al cbu.ificatk>h and IPC 

B. FTELDj/aAlCHEb ^ ' — 

I Minimum dooomw.tion .^hed (cUwificdon »y«em followed by cIa».ifi«uio„ .ymbol.)" 
U.S. : , 514/44; 424/450. 43; 435/172.3, 320.1; 935/34. 36. 62. 55. 56. 57 

1 Doe^entation arched otter than minimum documentation to the extent that such docu ment, are included in the fi C .d, searched 



Electronic data base consulted during the international search (name of 
BIOSIS. MEDLINE, APS 



data base and. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category: 



Citation of document, with indication, where appropriate, of the relev ant passage. 

EP, A, 0,446,017 (Gregory et al) 09 November 1991, see the entire 
document, especially page 21, claims 29,30 and page 25, claims 4 

^ m ^ t 91/06309 v (Brigham et al) 16 May 1991, see the entire 
document 8(M ' 678, (AU?Stein ^ 14 Februar y ^89, see the entire 



XJ Further document, arc liated in the continuation of Box C Q See patent family annex. 



Relevant to claim No. 

8.10.1 l-UiQ^n 
1-7,9,15-18 



1-19 
1-20 



"A* 

*r 



Speck! f^fu i kj i of cited 

«»ficr documett publkbed on or lAcr (be iMenwioopJ film, <Uie 
^k-nri^S.'r: • fc TT d ? ub- ~ P*"* <*M.) or which ii 

psSS tsar- <-~ 



T 



"X* 



bter documot ,wbji*ed .Ae, fee num-bonl film, date „ priorW 
pnackple or theory uadeHyiac the exveoboo 

doa S*"L of r«»cukr rtWt; the clwmed Bvaitkm cuumc be 
««der^ oovel or ceo** be ****** io «,vo»ve . 
when the docame&i ■ taken 



> bb mveotrvc sun 



document irferrinf to aa onl dncloaun. 



UK, exhibition or other 



docroott of pMcukr reievMCt; the chimed mvmtwo «ocwi be 
couidered to wotve to inventive «q> wbes the documctu ■ 
combined with one or more other such doom*. «*b comb baboo 

; bcnf obvioUi to ft DCTIOO ■killed ■ B the Aft 



of the I 



[ Datc 0 f ^ *f tu *l completion of the international search 
04 MARCH 1993 

I Nam and mailing address of the ISA/US 
Conwruwooer of Pweau and Tndeiaarkj 
BoxPCT 

Washington, B.C. 20231 
1 Facsimile No. NOT APPLICANT P 



family 



Form PCT/ISA/210 (second sheetXJuly 1992). 



Dale of mailing of the international search report 

22 MAR 1993 

Auth rized fficcr 



JACQUELINE STOh 
Telephone No. f703V36&-0196 



»n j^j^/iuwiini. JL/iivun ivLfi/iv I Intc.—iionai application No. ,~ - 
'"' > ^aJCT/US92/1100S . ■. 




timi DocmJERrs considered to be relevant 


'i 


Category* 


sJflttfinn of document, wkh indication, where appropriate, of the relevant pasaagej" , 


Relevant to claim No. 


Y 


A*C L Med . Sci., V lume 298, issued October 1989/Briglffi ct 
al, "Rapid Communication: In vivo Transection of Murine Lungs 
with a Functioning Prokaryotic Gene Using a Liposome Vehicle", 
pages 278-281, see the entire document. 


1-20 


Y 


PNAS USA, Vol. 86, issued January 1989, Hubbard et al, "Fate 
of aerosolized recombinant DNA-produced a^antitrypsin: Use of 
the epithelial surface of the lower respiratory tract to administer 
proteins of therapeutic importance" , pages 680-684, see the entire 
document. 


1-20 

. ■ I 



Form PCT/IS A/210 (continuatiofi f second aheetXJuly 1992)* 



